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IN MEMORIAM: SAVELII MOISEEVICH FEINBERG
(DECEMBER 24, 1910-OCTOBER 20, 1973)

A. M. Petros'yan, P, 8. Neporozhnii,
A, P. Aleksandrov, N. A, Dollezhalr",
A. N, Grigor'yants, A, G, Meshkoyv,

1. K. Kikoin, B. B. Kadomtsev,

V. V. Goncharov, N. S. Khlopkin,

A, 1. Vasin, E, P, Velikhov,

and V. M. Balebanov

On October 20, 1973, following a relatively short iliness, Savelii Moiseevich Feinberg, head of the
nuclear reactor theory sector of the I. V. Kurchatov Institute of Atomic Energy, Doctor of Physical and
Mathematical Sciences, Professor of the Moscow Engineering Physics Institute, and recipient of the Lenin
Prize and various State Prizes, died in his 63rd year of life.

S. M. Feinberg was one of the late I. V. Kurchatov's closest collaborators, a renowned scientist,
and specialist in the field of peaceful uses of atomic energy.

In 1946, within three years after sustaining severe front-line wounds in the war, he left his research
on applied mathematics, in elasticity and plasticity theory, to take an active part in the program of de-
veloping the then fledgling atomic science,

Up to the end of his life, S. M. Feinberg worked at the Institute of Atomic Energy, where he per-
formed major investigations on the physics, engineering, design, and costs of reactors of various types and
functions, o ’

. Translatéd from Atomnaya Energiya, Vol. 35, No, 6, p. 370, December, 1973,

© 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011.
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
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S. M. Feinberg made a great contribution to the development of Soviet atomic science and atomic
engineering, from the first exper1mental reactor to the power reactors of the Novaya Voronezh!, Lenin-
grad, Kola power stations and other power stations now under construction, "from series-manufactured
research reactors to unique custom-engineered heavy-duty high-load equipment. He is credited with some
of the ideas embodied by industry in living reality, and successfully developed at the present time. He '
trained numerous scientific students who are now workmg in-industry, in scientific-research institutes,
and in design and planning institutes, S, M, Feinberg was acknowledged as the leader of the Soviet school
of specialists in reactor theory.

The merits demonstrated by S. M. Feinberg were recogmzed by the Homeland in the form of Orders
-of Lenin, the Order of the Labor Red Banner, and various medals.

Everyone who was closely acquainted with Savelii Moiseevich held his Sp1r1tual qua11t1es his pro-
found many-sided intellect, and his extensive erudition in high esteem,

The brilliant memory of Savelii Moiseevich will always be held dear in our hearts.
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ARTICLES

CREEP OF URANIUM DIOXIDE

Yu. V. Miloserdin, K. V. Naboichenko, ' _ UDC 621.039.543.4
I. 8, Golovnin, Yu. K. Bibilashvili, ‘ -

T. S. Men'shikova, P. A. Mandryka,

K. G. Bobkov, N, I. Arlamenkov, -

A. N, Bogatov, E. M. Minaev,

a

nd L. S, Podval'nyi

One of the main characteristics required in order to estimate the deformation of a fuel-element can
is the creep velocity of the core material. A number of authors have made tests in fields of reactor radia-
tion [1-6] and observed an increase in the creep rate of nuclear fuel. As part of a program of creep-test-
ing on ceramic fuel it has been proposed to carry out the first series of experiments in an IRT-2000 ther-
mal reactor with a thermal neutron flux of 10% neutrons/ cm? ‘- sec at the target, and then in a BR-10 reac-
tor with fast-neutron fluxes of (2-3) - 103 neutrons/cm?-sec, so as to be able to compare the experimental
results obtained with different neutron spectra and different fission densmes

Apparatus for Studying Creep

The experimental apparatus intended for studying the creep of ceramic fuel in the field of neutron
radiation arising from the IRT-2000 reactor is placed in the position usually occupied by one of the 180~
mm diameter channels,

The lower part of the assembly forms a high-temperature chamber (Fig. 1). The cylindrical casing
of the chamber, 170 mm in diameter, is closed hermetically with upper and lower flanges, Inside the
casing, thermal screens are fixed on suppofts forming the guides of the measuring rods. Mounted on the
lower flange is the loading unit, constituting a hermetic cylinder with a stainless steel bellows sealed into
it; this works in compression under the pressure of gas supplied through a pipeline. The sample, situated
in the molybdenum cylinder of the loading device, is subjected to stress through a stainless steel rod, the
molybdenum holder, and a tungsten plunger. The creep deformation of the sample is recorded by way of a
balance beam, aided by rods and sensors.

' Mounted on the upper flange is the heating system of the chamber consisting of molybdenum current
loads, one of which (Fig. 1, position 14) is directly connected to the body, while the second (position 4)
is insulated. The heater is of Q-shape, made of sheet tungsten; it is fixed to the current leads with molyb-
denum bolts. The loading system constitutes a demountable rod, which is inserted into the chamber along

~ a bearing tubular conduit, and is fixed to the upper flange of the chamber by means of a bayonet closure.

The deformation taking place during creep was measured with inductive sensors of two types. Rela-
tively large deformations were measured with a multirange sensor of the solenoid type, forming a cyl-
indrical coil with an Armco steel core inside it. The tip was pressed against the source of deformation
_ with a spring. The ranges of the sensor were 0-0.5, 0-1.0, 0-2.5, and 0-10 mm. The limiting maximum
error at room temperature was 0.48%. Tests carried out with this sensor at 40 and 80°C showed that its
charactemshc and sensitivity were 1ndependent of the steady temperature level.

In order to determine small deformations we used a BV-662 multichannel sensor, The ranges were

- here 0-0.04, 0-0.08, 0-0.2, and 0-0.4 mm. The limiting relative error was 0.5%. In recording the creep
deformation the body of the sensor was adjusted by means of a seLSyn drive situated in the top cover of the
reactor

: Translated from Atomnaya Energiya, Vol. 35, No. 6, pp. 371-375, December, 1973. Original article
submitted July 30, 1973.
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Fig. 1. Arrangement of the apparatus
for studying creep: 1) loading system;
2,16) sensors; 3) heat screens; 4, 14)
_ current leads; 5) heater; 6) measuring
e rods; 7) lower plunger; 8) pipeline; 9)
/; bellows; 10) hermetic cylinder; 11, 15)

=i

A%__ﬂ,, lower ‘and upper flanges; 12) balance
] "M}r beam; 13) casing of chamber; 17) bear-

D
=\

//JA " ing pipeline; 18, 19) services of mea-
suring lines. ' '

174

e
S
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Ty

For studying the radiation-induced creep of the fuel in the channel of the BR-10 reactor (diameter
50 mm), a special high-temperature apparatus is provided. Like the one used for the thermal reactor, this
apparatus consists of a penumatic loading System situated in the lower flange and a molybdenum supporting
framework. In view of the specific working conditions of the 50 mm-diameter channel, the apparatus is
given the following characteristics: 1) the heater is placed in the outer surface of the chamber covered with
aluminum oxide; 2) the deformation of the sample is measured with an acoustic sensor of small radial di-
mensions; 3) the temperature operating range of the apparatus i5.1200-1600°K for a load of up to 120 kg on
the sample, ) ;

Results of Laboratory Tests

The UOQ, test samples were prepared by cold pressing and then sintering at ~1920°K; they constituted
_ cylinders 4,18 mm in diametér and 4-7 mm in height with grain dimensions of 12-15 u and an oxygen co-
efficient of 2.00-2.01. The geometrical dimensions of the samples were measured in an IZB-2 vertical
comparator to an accuracy of +1 u. The average length and diameter of the samples were determined from
the results of three readings. : ' :

In these tests the deformation of the samples was in general no greater than 3.5%; this should not
lead to any serious error such as might be associated, for example, with a change in sample cross section
during the tests. The deformation € of the sample is typified as a function of time 7 in Fig. 2 for 5’vau-ious
values of the structure factor. ’ ' ' '

. 'D_uring the deformation of the sample in the creep tests, a difference appearé between the radial di-
mensions of the samples.obtained by measuring after the tests and the dimensions calculated from the con-
dition that the volume should remain constant during the deformation: ’

dy 1

= ! G

1066 .
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Fig. 2. Dependence of € on 7 for o = 3 kg/ mm? and T = 1593°K: O) sample No., 7; 4)
No. 23; @) No, 50; O) No. 52.

Fig. 3. Dependence of the external diameter of the sample on £: A) experimental val-
ue of dg (here and subsequently the numbers on the points indicate the numbers of the
x) calculation based on Eq. (1);

samples); . ®) calculation based on Eq,‘ 2).

20

10

X4
1

17 l | | 15 I | I :
20 25 /N 40 28 25 Jo 35 40
o, kg/mm 0, kg/mm?

Fig. 4 Fig. 5

Fig. 4. Dependence of the mean creep velocity on ¢ (T =1593°K): A) experi-
mental values; @) average experimental values.

Fig. 5. Dependence of smm ono (T =159%°K, Q =106 kecal/mole, B =2.36
keal * mm?/mole - kg, A =2.4-10! h1): A) experimental values; o) average
experimental values.

where dg is the dlameter of the sample a.fter deformatlon. d, is the diameter of the- sample before the be-
ginning of the tests,

Figure 3 shows the calculated relationship (1) and the experimental values for the samples tested.
For ¢ =49, the difference between the calculated and experimental results is 3%, while for a deformation
of 8% it is around 6%. This evidently indicates disruption of the continuous structure of the sample during
the tests,

The experimental dependence of sample diameter on deformation may convemently be apprommated
by the relation o :

dg 1 R | (2

d  Yi—ke '

where k is an empirical coefficient equal to 2.2.

These experiments should be classified as short-term tests. Despite the fact that the experimerital ‘
data exhibit a considerable scatter, such as is typical in creep tests on polycrystalhne materials, two
methods of estimating the creep velocity may be proposed.
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Fig. 6. Comparison between the experimental results and those cal-
culated from Eq. @) for Q@ = 106 kcal/ mole: A} experimental values; ®)-
average experimental values.

F1g 7. Dependence of the relative creepvelocity on the relative fission

" density. For ¢ =3 kg/mm? and T values of: 0) 1373°K; m) 1473°K; A)
1573°K; X) 1593°K. For ¢ =4 kg/mm? and T values of: O) 1373°K; @)
1473°K; ®) 1573°K; A) average values.

The majority of samples exhibit a tendency for the creep velocity (é., = £/ 1) to fall asymptotically to
a certain specific value. In the case under consideration the value of £, for the conditions specified was
determined over a period of 7 =2.3 h, as the arithmetic mean for the individual samples,

Figure 4 shows the dependence of the creep velocities on streés in the sample, which is descﬁbed by
‘the linear éxpression .

' —3.7-40"%p-", : ' 3)

Figure 4 illustrates the average value of the creep velocities from which the approximating relation
was constructed, and the values of €, obtained for each of the samples. A linéar dependence on ¢ had
already been observed for polycrystalline UO, [7] in long-term tests at a lower temperature. Under these
conditions the actual creep velocity should differ very little from the "steady" creep velocity, since in the
long-term tests the transient region of creep makes a relatively slight contribution to the deformation,
Thus, in the first method of estimation, due allowance is made for the transient region of creep.

The second method lies in estimating the minimum creep velocity, The arithmetic mean values of
these velocities for various test conditions may be satisfactorily described by the relation

. - _B '
€min= A exp { — ORT g } h-d, (4

where A =2.4+10! h™! is the structure factor, which on passing from one sample to another varies over
the range (1.1-3.2) -10'! h~1; Q = 106 kcal/ mole is the activation energy; B = 2.4 kcal - mm?/ mole - kg is the
stress constant, ‘ S : :

‘ The difference between the experimental and calculated data may be seen from Figs, 5 and 6, which -
give the average values and the results of each experiment. The activation energy of the creep process
was determined over the temperature range 1600-1900°K. : '

An analogous method of analyzing the experimental data for UO, samples was employed in [8]. On
comparing the experimental results of the present investigation with those of [8], we find excellent agree-
ment between the activation energies, but a slight difference in the values of B (2.4 and 2.8 kcal - mm?
/mole - kg, respectively), and a considerable difference in the values of A (2.4 10 and 1.2-10% h7Y),
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Results of Tests 1nS1de ‘'the Channel

For the experiments inside the channel we used bushing-shaped UO, samples obtained by the method
already indicated; they had a diameter of 5.9 mm and an inner aperture of 1.8 mm, while the enrichment
factor was 2%. Two samples were placed one over the other and were centered in the sleeves of two tung-
sten—rhenium thermocouples 0.8 mm in diameter. The beads of the thermocouples lay in the middle of the
lower samples. One of the thermocouples was. used to measure the temperature of the working part, using
a PP-63 potentiometer of class 0.05. The second thermocouple was connected to a VRT-3 temperature
regulator which was used to keep the temperature in the working region at a level of 1400°K to an accuracy
of 0.1%. The preparation of the experiment and the calibration of the various systems in the apparatus were
described in full detail in [9]. '

The main problem in the experiments inside the channel lay in determining,the quantitative relation-
ship between the creep velocity and the fission density. The experiment was therefore carried out in one
working section while varying the fission denS1ty from 0 to 0.625 - 10! fissions/cm?®- sec at a temperature
of 137%°K and stresses of 3 and 4 kg/mm?. During the tests the temperature and load on the sample were
kept constant, The fission density in the sample was varied by varying the power of the reactor. In the
second working section the fission density was held at its maximum, and the creep velocity was studied
at stresses of 3 and 4 kg/mm? and temperatures of 1373, 1473, and 1523°K. Creep was also studied in the
absence of heufron radiation in the same working sections under all the foregoing conditions. '

The dependence of the creep velocity on the fission density is of a linear character (Fig. 7)s in th1s
case it may be described by the relation
8_‘}”“_“1 =14-c®, ' (5
smin '
where 5<I:m1n is the minimum creep velocity for a specific fission density in the sample; €min 1S the mini-
mum creep velocity in the absence of fission; C =3.2 -10712 ¢m? - sec/fission is an emp1r1ca.1 coeff101ent
CONCLUSIONS

1. We have presented some experimental results relating to the creep of 'poly_crystalline sintered -
UO, over the temperature range 1600-1900°K for stresses of 0.44 kg/mm?,

" 2. The deformation of the UO2 samples during the tests leads to the formatmn of inhomogeneities
and the development of cracks. -

3. The average creep velocity depends linearly on stress at 1593°K. The minimum creep velocity
may be satisfactorily descmbed as a function of temperature and stress by Eq. @).

4. When a neutron flux acts on the sample the creep velocity mcreases and varies linearly wﬁh
the fission density. For maximum fission densities of 0.625- 10!? fissions/cm3 - sec in the temperature
range 1373-1523°K, and for stresses of 3 and 4 kg/ mm? in the sample, the creep velocity increases by
a factor of three by comparison with laboratory tests. :
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'METHODS OF PREPARING CORES FROM URANIUM
MONOCARBIDE, MONONITRIDE, AND CARBONITRIDE
FOR THE FUEL ELEMENTS OF FAST REACTORS

F. G. Reshetnikov, R. B. Kotel'nikov, UDC 621.039.542.3
B. D. Rogozkin, 8. N, Bashlykov, ' : :

I. A, Samokhvalov, G. V., Titov,

M. G. Shishkov, V. S. Belevantsev,

Yu. E. Fedorov, and V. P. Simonov °

Refractory, oxygen-free compounds of uranium and plutonium, such as carbides and nitrides, satisfy
the requirements normally imposed upon nuclear fuel as regards the majority of their properties, while
in certain respects carbonitrides are much better than oxides. The importance of these compounds is be-
coming particularly recognized in connection with the fast-reactor development program. The economics
of the fuel cycle improve' substantially on using carbide fuel, owing to the shortening of the "doubling time."

The advantages of carbide-nitride fuel can only be properly realized if the cores are of a high quality
and if the processes involved in producing the compounds, making cores from these, and constructing the
corresponding fuel elements are competitive. Various methods of producing uranium and plutonium mono-

- carbides, mononitrides, and-carbonitrides, using the metal or oxides as initial materials, are now being
developed [1-7]. Each method has its advantages and disadvantages, In order to choose the best method a
careful analysis is required; both the results of radiation tests and.the technical-economic indices have
to be estimated. Deserving of considerable attention are questions associated with the achievement of a
continuous process, and also the development of operating modes producing compounds with compositions
capable of being regulated at will. Some of these questmns will be cons1dered in tms paper. '

EXPERIMENTAL ME THOD

Possibility of Obtaining Oxygen-Free Uranium Compounds> .

by Continuous Methods

When studying the synthesis of refractory compounds, special attention must be paid to the conditions
of formation of the compounds, so as to obtain materials of high purity, and also to the development of
continuous processes, .as well as to the development of the corresponding equipment.

Continuous Process for Obtaining Uranium Nitride. Methods of obtaining powders of uranium mono-
nitride and monocarbide with a specified composition from metallic uranium at relatively low temperatures
were described in [1-5]. However, in every case so described the process was a periodic one., We ac-
cordingly attempted to establish a continuous process for producing uranium nitride. The investigations
~ were carried out in an apparatus (Fig. 1) consisting of a loading chamber 1, a device for hydrogenating
the uranium with hydrogen 2, 3, a bunker, a nitriding system 5, an electric furnace 6, an unloading cham-
ber 7, and a receiver 8. The metallic uranium, in the form of small ingots passes from the loading cham-
ber to the hydrogenation device. The resultant finely-divided uranium hydride (particle size less than 0.5
p) passes into the loading bunker and then into the nitriding system through the feeder 4, which ensures the
correct rate of flow. The product is agitated in the reaction system 5 by means of a screw conveyer set in
motion by ‘en electric motor through the gear 9. The feeder.and conveyer are placed on a single shaft,

Tra.nslabed from Atomnaya Energiya, Vol. 35, No. 6,. pp. 377-386, December, 1973. Omgmal ar-
ticle submitted July 30, 1973.
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electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A
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TABLE 1. Impurity Content and Characteristics or Uranium Monocarbide, Mononitride,
and Sesquinitride Powders

Compound N, % c. % o % Lattice con- Suarface, Bulk v;e1ght, MeaI.1 parti-
] stant m /g g[cm cle size, It
‘Uranium monocarbide 0,05 4,7 0,05 4,961 5—6 1,7—1,9 2—4
Uranium mononitride 5,4 6,05 0,08 4,889 2—3 2,1—2,2 5—10
Uranium sesquinitride 7,8 0,05 0,08 5,322 23 2,0—2,2 3-8

Nitrogen is passed into the nitriding system close to the
feeder; it is taken out at the unloading aperture and
passes through a filter into the blower system.

In a]l these experiments the excess nitrogen pres-
_sure was kept below 20-30 mm water, while its flow
amounted to 100-150% more than was needed for the
formation of the stoichiometric sesquinitride. After
passing the nitrogen (the oxygen content of the latter
being no greater than 0.003 vol. %), the apparatus was
heated to the specified temperature. Then the uranium

g hydride (500-700 g) was passed from the hydrogenation
system into the bunker, being gradually admitted via
the feeder to the reaction zone. At the exit from the

Fig. 1. Apparatus for the continuous ‘produc- apparatus the nitrided product was poured into a re-

tion of uranium nitride, ceiving container. The bunker was loaded with the
hydride within 20-30 min. The optimum rate chosen
for rotating the screw conveyer was 2 rpm. The time spent by the powder in the reaction zone was then
no more than 20 min,

We studied the effect of nitriding temperature on-the composition of the resuitant products between
400 and 800°C. The results showed that on increasing the nitriding temperature from 400 to 800°C the
nitrogen content in the nitriding products increased from 6.96 to 8.49, respectively.' According to x-ray
diffraction analysis, under these cond1t1ons the nitride obtained has a pseudoface-centered crystal struc-
ture with a lattice constant of 5.320-5.323 A. These parameters correspond to uranium nitride of com-
position UN; ., —UNj ;. No other phases appear on the x-ray diffraction patterns. The amount of oxygen
in the uranium nitride was no greater than 0.1%. At a temperature of less than 400°C under these conditions
a nitride of variable composition containing free uranium is formed, i.e., the interaction with nitrogen is
unable to pass to completion. On increasing the temperature to 800°C the rate of nitriding increases, but
so does the particle size of the resultant nitride powder. Above 600°C weak conglomerates of particles
are formed, breaking up under a light pressure. The agitation of the product, the conditions of gas flow,
and the corresponding temperature conditions create a favorable state of affairs for retaining the finely-
divided form of the powder. The particle size of the uranium nitride powders obtained at 400-550°C aver-
ages 3-8 u. The uranium nitride is suitable for making cores without subjection to further crushing, The
apparatus tested gives 1.5-2 kg of uranium sesquinitride per hour.

If it is required to produce uranium mononitride, the sesquinitride is subjected to vacuum treatment
at-900-950°C. The powder size of the mononitride averages 5-12 p. Table 1 shows the amounts of impuri-
ties in the uranium monocarbide, mononitride, and sesquinitride, and also the charactensucs of the pow-
ders obtained from metallic uranium,

Production of Oxygen-Free Uranium Compounds in a Fluidized Bed from Uranium Dioxide. Among
the various known methods of producing uranium monocarbide, mononitride, and carbonitride from the
dioxide, the fluidized-bed method possesses a certain advantage, namely, the possibility of initiating a con-
tinuous and reasonably vigorous process.

We studied the carbiding process in an apparatus consisting of a conical —cylindrical graphite reactor
- (internal diameter 24 mm) with a graphite heater, together with special systems for purifying the working
gases from oxygen and water vapor, monitoring the parameters of the process, and dust-trapping, and also
a gas analyzer (Fig. 2). Preliminary investigations with a model of the reactor showed that the "fluidizing™
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Fig. 2. Arrangement of the apparatus for Studying the carbiding of
U0, in a fluidized bed: 1) reactor; 2) bunker containing the charge;
3) opening for the direct observation of the process; 4, 9, 11, 16, 17)
regulating valves; 5, 6, 10) dust pui'ification system; 7) flow exciter;
8) control gas eylinder; 12,.18) flowmeters; 13, 14) opticoacoustic
gas analyzer; 15) reducers; 19, 20) gas purification system; 21) '
manometer; 22) pyrometer; 23) receiver for the finished product;
24, 25) vacuum pumps.

process might be regarded as reasonably dependable if the size of the fluidized particles were no smaller
than 20 u (specific gravity of the particles ~14 g/cm3). The gas velocity for particles 300-400 and 200-
300y in size should be no lower than -37 1G" and 12,8 G liters/h respectively (here G is the weight of
the charge in g). _ 2

Using the full-scale'working apparatus, the conditions for "fiuidization" and the production of a prod-
uct of the desired composition at maximum yield were then duly determined. To this end we studied the
effect of the geometry of the apparatus, the particle size in the original charge, the rate of inflow of the
fluidizing gas, the nature of the carbon-containing material and the binder, the magnitude of the charge,
the working temperature, and the rate of production on the composition and yield of the product, and also
on the state of "fluidization." ) :

A charge of UQ, + C in the form of granules of 200-400 u in size was loaded into the reactor from
the top, to meet a flow of working gas fed in from the bottom. The resultant compounds were passed out’
through the lower opening after the supply of working gas had ceased, We studied the process at tempera-
tures of 1500-2000°C; the duration of the process was determined by reference to the time required to
evolve CO, using a gas analyzer with continuous recording. :

As carbon-containing materials we used coal tar, lamp black, flaky graphite, and ordinary graphite
crushed; as binder we used paraffin, raw rubber, and coal tar (Table 2). The process works successfully
if the binder ensures the wholeness of the granules. Paraffin and raw rubber do not satisfy this require-
ment, since the charge separates partly or completely into its components, which are carried away from
the reaction zone or become sintered on to the walls of the reactor (positions 1-6, Table 2). The best re-
sults are obtained on using coal tar, which plays the part of both carburizer and binder (positions 7 and 8,
Table 2). The replacement of even part of the coal tar with soot (lamp black) has a deleterious effect on
the carbiding process (positions 4-6, Table 2). On the basis of these investigations we found the optimum
carbiding condition: temperature 1600°C, velocity of working gas in the cylindrical part of the apparatus
(24 mm in diameter) between 0.9 and 1.4 m/sec, Under these conditions a yield of 97-99% is obtained, the
monocarbide being of almost stoichiometric composition (U = 94.7-94.9; C =4.7-5.0; O = 0.1%). The total
carbiding time, determined by reference to the end of CO evolution (Fig. 3) was.40-50 min, the greatest.
rate of reduction being achieved in the first 10 min of the process.
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TABLE 2. Results of Experiments on Producing Uranium Carbide in a Fluidized Bed

Conditions of the Behay- | Balance of the  |Chemical composition of the product,
NO'.Of Type of carbon |Process ior of  [Product, wt.% Jwe. %
POSI= 1 1nd binder lthe ma-| LS 2
: ) I o o S
tions T, °C W, t,minterial [|usefuljs § PG u Ctot CFr o
m/sec E° o[Exay
s s ,
"1 |Lamp black | 1600 |0,7—1,4] 60 |p.F t |26—46/12—2042—54 (93,22 |(4,9—5,0)|(0.2—0.4)(1,5—1,8
93,5) ¥
2 |Paraffin 1700—|0,7—2,0{10-30| s 0 |65—98| 2—35| (93,8— |(5,3—6,0)](0,4—0,2)[(0,10,5)
2000 94,0) , ,

3 |Lampblack; 1600—|0,7—1,4 60 VS 0—20{53—89[11—27| 93,7— |4,9—5,5 0,1 0,3—1,2
pall;abfﬁn + 1700 P.F 94,0
rubber

4 1500 10,7—1,4 60 F 51 | o | 43 | s9.6 6,7 1,4 3,1

Lamp black +

coal tar (4:1) - e
5 1600—|0,7—--1,4] 60 ‘P.F |52—57{19—49 3—11]| 93,5— {4,6—4,8|0,1—0,2]0,2—1,0
. 1700 : 94,7 :

6 |Lamp black + |1600—]0,7—1,4 60 p.E |66—78115—34| 3—7 | 93,9— |4,6—4,8(0,1—0,2/0,2—1,0

coal tar(1:1) | 1700 94,5
7 1600 |0,9—1,4] 60 ) 99,1—(0—0,2/0,2— | 94,7— |4,7—4,9 0,1 0,1—-0,2
. . 99,6 0,4 94,9
—|Coal tar -
8 1700 10,9—1,4] 60 S 99,2—0,4—{0,2—| 94,4~ |4,8—5,0| 0,1 0,1

99,3| 0,5 | 0,3 94,8

* Gas velocity referred to the cylindrical part of the system (D = 24 mm).
Ts. = sintered-on; P. F. = fluidization with partial sintering-on; F. = normal fluidization.
IThe figures in brackets refer to the material sintered on to the walls of the reactor tube.,
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Of considerable theoretical and practical value in determining the optimum mode is a knowledge of the
mechanism of mass transfer in the U0, —C system [6, 7]. According to the results obtained, mass trans-
fer-in the U0, —C system is mainly based on two processes: the diffusion of the components through the
layer of reaction products so created, and the evaporation of the oxide with its subsequent deposition on the
carbon particles (sublimation—condensation), Whether the first or the second mechanism prevails depends
on the temperature. At 1600-1800°C the main part is played by the diffusion of the components through the
layer of reaction products. The microstructures of the intermediate products formed in the interaction be-
tween UO, and carbon show quite clearly that the formation of the carbide starts at the points of contact
of the dioXide with the carbon (Fig. 4a); the presence of a carbide phase on the graphite lying close to the
dioxide grainis not detected metallographically (Fig. 4b). With increasing temperature the role of carbiding
by the evaporation and condensation of the UO, becomes more important. :
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TABLE 3. Results of Experiments on Producing Uranium Nitride in a Fluidized Bed (t
=1600°C, 7 = 30 min)

oy - ses Chemical analysis of the prod- Lattice
S pe.chled com Cond%nons of the ucts, wt.% constant, Actual composition
_position reaction ’
. U |Cor |Gy | N | 0 |azo,001
UCo,7sNozs | Pnp=760mm Hg  |92,00{ 3,38 | 2,65 | 4,45 [<C0,1| 4,902 | UGq 1g_0,21Nog, 790,81 +CFr
( pure nitrogen) ,

U 95,00wt % PN, =380mm H 92,90( 3,68 | 1,90 | 4,00 0,1| 4,915 | UCy 50_ N _ +C
N 1,39wt.z70 (m21xtureAr+N=g1:l) 0,80-0,34770,66—0,70 Fr
C 3,60 wt, % ’

U 95,01wt, % | Pn,=80mm 1 93,20( 3,58 | 1,60 | 3,32 0,4 4,924 | UGy 44_ N _ +C
N 1,39 wt. % (rr?ixtureAr+Ng, 0,41-0,42770,58—0,50 T ~Fr .
C 3,60wt.% | =10:1)

Fig. 4. Microstructure of the reaction products after the interaction of
uranium dioxide with soot (a) for 10 min and with graphite (b) for 60 min at .
1600°C (x1000).

When studying the production of uranium mononitride and carbonitride, the nitriding agent was ni-
trogen itself. The size of the original dioxide and coal-tar granules was as before (200-400 p). We studied
the reactions

UO,+C+ N-UN+CO;

(1)
U0, +C 4 2N — UC,_ N, + CO. '

(2

We found that the velocity of reactions (1) and (2) was roughly twice that found when obtaining the
carbide (Fig. 5). The final products contained no more than 0.19 oxygen, i.e., less than the monocarbide.
A typical composition of the uranium mononitride (wt. %) was: U = 93.8-94; N =5.,5-5.7; C =0.1-0.2; O
< 0.1; lattice constant ¢ = 4.889 + 0.001 A. The composition of the resultant carbonitride depended on the
partial nitrogen pressure (Table 3). According to [6, 7] the carbonitride is in equilibrium either with the
dicarbide (at a temperature of the order of 2000°C) or with carbon (at lower temperatures). We found that
a carbonitride without any free carbon, containing no more than 40 mole % UC, could be obtained for a
nitrogen pressure no greater than 80 mm Hg at 1600°C.

On increasing the nitrogen partial pressure from 80 to 380 and 760 mm Hg and processing a mixture
intended to produce a carbonitride of composition UC 4;Ng 45, alloys containing free carbon with composi-
tions of UCq_g1—.42No.53-0.59 + CFrs UCo5-0.04N0.66-0.70 + CFr» 21d UCy,No 3 + Cpr, respectively, were obtained
(Table 3). These results agree with thermodynamic calculations. T he velocity of reaction (2) at a nitrogen
pressure of 80 mm Hg is approximately the same as at 760 mm Hg, but diminishes on reducing the pres-
sure further. The carbonitride containing free carbon is easily converted into a single-phase solid solution
on subsequent vacuum heat treatment.

We verified the semicontinuous production of uranium monocarbide, mononitride, and carbonitride
in our apparatus. Loading and unloading of the reactor were carried out in batches without cooling the fur-
nace. Theresults are presented in Table 4, and some of the properties of the resultant powders in Table 5.
These results thus indicate the fundamental possibility of producing refractory uranium compounds semi-
continuously from the dioxide in a fluidized bed.
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TABLE 4. Results of Experiments on Producing Uranium Carbide and Nitride in &
Fluidized Bed at t = 1600°C

Chemical analysis of the product, wt, %

Specified com- : Phase and crystal lattice con-
position u Ceot Ckr o N stant, A + 0,001

UC (C=3,5%) | 95,0—95,6 | 3,2-3,8 |0,02—0,4 | 1,2—1,5 | <0,01 UC: 4,950—4,953
‘ U0; 5,468—5,469

UC (C=4,8%) | 94,0—94,6 | 4,8-5,0 |0,02—0,1 | 0,1—0,2 - UC; 4,958—4,960

UCHUC, 93,0—93,2 ] 6,8—7,0 0,1 0,1-0,2 — —
(€=1,0%)

UC, (C=9,5%)| 89,5—89,8 | 9,0—9,4 1,1—1,4 0,3—0,5 — —

UN | 93,6—94,2 0,05—0,2 — 0,1 5,5—5,7 UN; 4,889

Note.. The useful yield was in all cases 97.0-99.5 wt. %; the amount carried away by the gases averaged not
more that 0, 2 wt. P, ‘

TABLE 5. Some Properties of the Powders Obtained in the Fluid-

ized Bed
' Material
Property - UC(C =4.8- | UCHC = %0- . UN
: 5.0) 9.4)
Pyknometric density, g/cm® 12.1-12.6 10,1-10,7 12.4-13.6
““Bulk weight without shaking ‘

down, g/em® 5.2-5.6 3.2~3.4 4.6-4.9
Bulk wexght after shaking down, ) ) . '

glem® 5.4-6.0 . 3.4-3.6 5.1-5.3
Granular composition, % . ‘
—630 + 400 4 - 0.2 0.4
—400 + 315 # 2.3 2,1 - 6,0
=315+ 200 u : 52.8 53.2 - OL8
—200 + 100 u . 44,2 43.7 40.8
=100 + 150 u 0.7 0.8 N ¢

METHODS OF MAKING THE CORES

In developing methods of making the cores we allowed for the specific propertxes of the powders .
formed from the original compounds. :

Manufacture of Cores Using Refractory-Compound

Powders Obta1ned from the Metal .

Pressing. The high degree of d1Sper51on of the original powders enabled us to use only small quan-
tities of binder and to eliminate the operation of drying the powder containing the binder.

Pressing was carried out in demountable molds when studying the effect of the pressing pressure on
the characteristics of the cores and making small batches of cores for prereactor and reactor tests.
Multiple-socket stamp and automatic presses were used in order to determine the best conditions of press-
ing the billets in large quantities, and also when producing large batches of cores for reactor tests.

As binder we used oleic acid, paraffm and stearic acid dlSSOlVGd in benzine or trichloroethylene.
Preliminary experiments showed that the total quantity of solution mixed with the powder could be reduced
to 1.5-3% for 1.5-2% of binder in solution. This is approximately 50-100 times less than the amount of
binder usually employed when pressing samples from various powders. The stablest results were obtained
on using paraffin, For pressing in the stamp and automatic presses we used prev1ously—granulated pow-
ders. For this purpose the powder was molded at a pressure of, 2-5 tons /cm? and then triturated through
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Fig. 5. Temperature dependence of the change in CO content of the effluent gases
in the reaction between uranium dioxide, carbon, and nitrogen.

'Fig, 6. Change in the density of the pressed moldings as a function of pressing
‘pressure (y is the density expressed in percents of the theoretical value).

a sieve with a mesh size of 250 p. This operation increased the bulk weight of the monocarbide and mono-
nitride powders to 3.3-3.8 and 4.5-5.0 g/ cm®, respectively, improved their pouring characteristics, and
facilitated volumetric dosing. Figure 6 shows the change in the density of the uranium monocarbide mold-
ings due to the pressing pressure. The pressing of blocks in nondemountable molds (stamp and automatic
presses) using the above-mentioned amount of binder is only permissible up to a pressure of 2.3-2.5 tons
/c¢m?, On raising the pressure further, the proportion of wastage increases sharply owing to overpressing,
At a pressure of 1.3-1.5 tons/cm?, mechanically strong samples are obtained in the form of bushings and
tablets, with a 95-96% yield of usable products. The use of demountable molds enables the pressing pres-
sure to be increased to 10-13 tons/cm? without overpressing the samples, The density of the monocarbide
moldings then only increases substantially with rising pressure as far as 5-6 tons/cm?. The diameter of
the tablets extracted from the molds increases.by 3.5-4%; their density equals 6.3-6.6 g/ cm?®,

Sintering. The uranium monocarbide and ¢arbonitride samples (containing up to 50% UN) are more
appropriately sintered in vacuum in order to accelerate the compaction process. Carbonitride (over 50%
UN) and mononitride samples are better sintered at up to 1500-1700°C in vacuum and then at a higher tem-
perature in a nitrogen atmosphere.

It follows from the data relating to the smtermg of the monocarbide (Fxgs 7-11) that the compachon
process takes place at a considerable rate and the sintering temperature is the decisive factor, Thus the
density of the cores rises from 6.6 (original molding) to 12.3-12.6 g/ cm?® (90.5-92,5% of the theoretical
density) in the first 30—40 min sintering at 1900°C. Increasing the period of sintering from 1 to 10 h raises
the density of the cores by 4-5%. The specific pressing pressure (between 1.5 and 13 tons /cm?) has hardly
any effect -on the density of the resultant samples if the sintering time is over 1.5 h' (at 1700-2000°C). In-
creasing the height/diameter ratio from 0.35 to 2.1 reduces the density of the cores by 3-5%.

Sintering carbonitride (all compositions) and mononitride samples at 1900-2000°C in an argon and
nitrogen atmosphere for 2-3 h gives finished articles with a density of 93-959 theoretical. Cores sintered
“above 1650°C usually exhibited no open porosity. In most cases there were fine pores 1-3 p in dlameter
distributed uniformly both inside the crystals and along the grain boundaries (Fig. 11).

We see from a consideration of the microstructures that, on varying the composition of the cores
from the stoichiometric uranium monocarbide, through the carbonitride, to the mononitride, the mean
grain size changes from 20-50 to 20-30 p (1900°C, 3 h). This may be explained by the slightly smaller sur-
" face activity of the mononitride powders. Even so, the surface activity of the powders of all the uranium
compounds studied is fairly high, and ensures the formation of high- ~density cores (92-95% theoretical) in
2-4 h at 1800-1900°C, without any introduction of-the amounts of surface-active additives usually employed
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Fig. 7. Change in the densitir of uranium monocarbide cores in
relation to the sintering temperature.

Fig. 8. Change in the density of uranium monocarbide cores in
relation to sintering time at 1700, 1800, and 1900°C.
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Fig. 9. Change in the density of uranium monocarbide cores in re-
lation to pressing pressure (1800°C, 5-h).

Fig. 10. Change in the density of the uranium monocarbide cores
(1900°C, 3 h) in relation to the height/diameter ratio h/d.
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Fig. 11. Microstructure of monocarbide (a), carbonitride UCy Ny o
(), and mononitride (c) cores. Magnifications (x200), (x200), and
(x500), respectively.

in powder metallurgy or artificial activation of the sintering. As the amount of mononitride increases, the
microhardness of the compound falls from 800-840 for the stoichiometric monocarbide to 730-760 kg/ mm?
for the pure mononitride. The amount of oxygen in the sintered samples is 0.05-0.1%,.

On the basis of the foregoing investigations we made a decision regarding the methods to be used in
preparing cores for radiation tests in the BOR-60 and SM-2 reactors. High-density uranium monocarbide
cores were obtained in the form of tablets by pressing the charge at a pressure of 1.35-1.5 tons/cm? and
then sintering in vacuum at 1800°C for 4 h. Before pressing, the charge was granulated by the method al-
ready described. The bulk weight of the granulated powder was 3.7 g/cm®, As a binder we used paraffin
(0.03%). The diameter deviation of the cores fluctuated over the range +0.05 mm. ’
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Fig. 12. Microstructure of ura-
nium carbonitride UCy ;N; o rod
cores, (x500).

Manufacture of Cores by Die Extrusion and Sintering

One of the most promising methods of making cores is die extrusion, which enables us to obtain rod-
shaped cores with a high length/diameter ratio and with a constant diameter along the whole length.

As original material for the rod-shaped cores we used uranium carbide, sesquinitride, and carbo-
nitride obtained from metallic uranium or uranium dioxide (Tables 1 and 5).

The powders of the original materials were mixed with a plasticizer, this being a solution of paraffin
and raw rubber (60 and 40 wt. %) in trichloroethylene. The quantity of paraffin and rubber mixture so in-
troduced equalled 5% of the weight of the mixture. From the air-dried, homogenized mass, cylindrical
samples 7 mm in diameter were produced by die extrusion.. The extrusion pressure for a pressed-mass
temperature of 42-48°C was 480-500 kg/cm? and the extrusion velocity 1.2 m/ min, ‘

In order to obtain rod samples of satisfactory geometrical shape without any cracks, the arrange-
ments for removing the plasticizer had to be carefully organized. For the corresponding experiments we
used a thermal balance with a high-sensitivity quartz spring. The plasticizer was removed in vacuum at
various heating rates; it was only completely eliminated at 800°C. For samples of the diameter indicated
above, the permissible maximum evaporation rate of the binder componenﬁs was 0.4 mg/cm? . min.

The original moldings were cut into rods of the desired length, stacked on graphite substrates
covered with tantalum carbide, and placed in a furnace, in which they underwent low-temperature heat
treatment as follows: heating in vacuum 1-107¢ mm Hg at 100 deg/h up to 300°C, then at 50 deg/h to 500°C.
This arrangement removed 80-85% of the plasticizer. Subsequent heating in order to sinter the cores was
carried out at 400-500 deg/h. The optimum sintering temperature for the carbonitride rods was 0.85 Tm
(Tp, being the melting point of the material). No serious contortion of the rod cores occurred, and a den-
sity of 91-93% theoretical was obtained in a sintering time of 1 h. The sintering was carried out in speci-
ally pure nitrogen at a pressure of 1 atm. This form of heat treatment enabled us to obtain rods of uranium
carbonitride of various compositions with an oxygen content of no greater than 0.02 wt. %, the sag in rods
100 mm long not exceeding 0.2 mm. The core samples usually had a single-phase structure (Fig. 12).

The foregoing experiments lead to the following brief conclusions: we have demonstrated the pos- .
sibility of producing uranium sesquinitride from metallic uranium by a continuous process; we have de-
termined the conditions for producing quality-standardized uranium monocarbide, mononitride, and carbo-
nitride from the dioxide in a fluidized bed; we have determined the optimum conditions for manufacturing
uranium carbonitride cores by static pressing and die extrusion, followed by sintering. '
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BOOK REVIEWS )

R. I. Plotnikov and G. A. Pshenichnyi
FLUORESCENT X-RAY RADIOMETRIC ANALYSIS*
A NEW BOOK ON X-RADIOMETRIC ANALYSIS

Reviewed by Yu. M. Gurvich

x-Ray radiometric analysis has already been in use for two decades. It was first proposed as a.
variant of x-ray spectral analysis in which a high-level x-ray generator would be replaced by a low- level
radioisotope source, and later on the appropriate instrumentation was developed, pufting this line of work
“on an independent practical footing.

The portability and simplicity of the equipment, the wide range of elements sub ject to determination,
the high precision and accuracy, ease of proximate analysis, and the low cost of carrying out analyses
render the x-radiometric method both versatile and economical. To date, however, the x~radiometric
method has not met with the widespread acceptance one might expect. The book by R. I. Plotnikov and
G. A. Pshenichnyi, Fluorestentnyi Rentgenoradiometricheskii Analiz, V. A, Meier and N, I. Komyak
(editors), published by Atomizdat must help to a certain extent in removing this shortcoming.

The book is in five chapters. The basic components of x-ray radiometric equipment are analyzed
and discussed in detailed fashion (but electronic recording devices generally included in this line of equip-
ment are not covered in the text), as well as techniques for eliminating factors disturbing the analysis
(variations in the physical and chemical properties of specimens under analysis, and variations in the geo-
metrical conditions of the measurements), and the discussion extends to cases of application of various
methods of analysis in the solution of production problems. The equipment described gives some idea of
~ the level of development of this domain of equipment and instrument design; tables of performance char-

" acteristics of both Soviet and foreign analyzers are provided.

A separate chapter deals with the physical fundamentals of the x-radiometric method. There is a
definite interest in the material relating to effects of interaction between x-ray or vy -ray emission and
matter. But the topics covered in this chapter are not readily accessible to analysts who constitute the
natural reader audience of this book, because of their complexity. Moreover, there is lacking a rigorous
analysis of the errors in the method and of the reasons for those errors. The appendix should have in-
cluded a table of absorption coefficients, which would have been useful in practical applications.

Earlier books devoted to x-ray radiometric analysis (e.g., by A. L. Yakubovich et al., by N. N,
Shumilovskii et al.), discussed the x-radiometric method and the conventional variant of x-ray spectro-
scopic analysis (using a dispersing crystal) as competing techniques. This book by R. I. Plotnikov and
G. A. Pshenichnyi makes an attempt to delimit the ranges of application of both those modifications, and
to map out the most promising areas of application of the x~radiometric fluorescent method. These areas
of application include above all sampling of ore and rock in strip mining and underground mining, mass
, analysis of a restricted number of elements in a stream of material (moving on the conveyor belt, or con-
veyed through pulp lines or pipelines) or in samples, determination of coating thickness, and some cases
where analysis of small absolute quantities of material is involved. The crystal diffraction method is more
convenient for simultaneous or sequential multicomponent analysis of such complex objects as alloyed
steels, many types of ores and products of ore beneficiation, and also materials to which silicate analysis
has to be applied, and so forth. Even when we make use of semiconductor detectors capable of handling
simultaneous determination of a large number of elements, reliance on the x-ray radiometric equipment
for these problems is limited because of overloading of the amplifier circuitry by the radiation of the prin--
cipal components. Hence the high threshold sensitivity of the x-ray radiometric method (10-3 to 1074%)

* Atomizdat, Moscow, 1973.

Translated from Atomnaya Energiya, Vol. 35, No. 6, p. 386, December, 1973. "

© 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York N. Y. 10011,
No' part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A
“copy of this article is available from the publisher for $15.00.
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mentioned in the book can be actually realized only in isolated instances, in contrast to what is possible
with the crystal diffraction method.

The x-radiometric method of analysis could achieve widespread acceptance only when simple and ;
inexpensive equipment is produced in mass quantities. The book under review takes note of the modular
design principle now gaining a foothold in Soviet and foreign x-ray equipment and instrument design in con-’
cepts of instruments backed up by a set of interchangeable sensors for analysis of a variety of objects.

On the whole, the book reviewed is of substantial interest since it provides the reader with a view
of the development of the x-radiometric method and of the implementation of that method in industry. Un-
fortunately, the limited printing (total of 1650 copies) may leave the book inaccessible to workers in the
numerous analytical laboratories who might otherwise be interested. '
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E. M. Lobanov, A, 0. Solodovnikov,
B. I. Nudel'man, B. E. Krylov,
R. I. Gladysheva, N. S, Matveev,
R. M. Garaishin, I. I. Gulin,

and V. S. Chernukhina

RADIOISOTOPE BEARINGS IN INDUSTRIAL
BUILDING MATERIALS*

Reviewed by A. Pugachev

The book goes into the solution of entirely new problems in the area of radioisotope monitoring and
radioisotope-assisted automatic control of manufacturing and technological processes in the manufacture of
building materials. The authors cite their original research and development work aimed at finding solu-
tions to the most outstanding production problems. More specifically, the authors present the reader with
their research findings and data on implementation of the y -transmission method in 1nSpect1on of the re-
fractory lining of rotating kiln.

Attention is centered on monitoring the technological variables of the materials being processed in a
given situation. The solution of problems of this type opens the way for automating fabrication processes,
improving product quality, and achieving optimum control over the process. The research findings show
that radioisotope techniques can be used successfully in ascertaining the degree of decarburization of ma-
terials directly within a rotating cement kiln, in measuring the permeability to gas of materials to be fired
and sintered (sinter pyrite, sinter cake, clinker brick, pellets, etc.). '

The present unavailability of instruments for such monitoring jobs puts difficulties in the way of
controlling firing and sintering processes in some branches of the national economy. The results arrived
at by these authors are therefore of wider interest than just the building materials industry.

A new technology, fluidized-bed firing, has not been lagging, and has been winning increasing favor.
The research findings proved that the degree of firing of building materials in a suSpended state or in a
fluidized bed can indeed be monitored with the aid of ionizing radiations.

The readers will be able to familiarize themselves with the investigative procedures, with laboratory
facilities and pilot plants developed by the authors. The physics topics covered in the text are well co-
ordinated with topics in technology and production, all of which only adds to the value of the book.

The book is written in easy-to-read langua‘gé, and will unquestionably be of definite interest both to
specialists on the building materials industry and to specialists in other branches of the national economy.

* Atomizdat, Moscow, 1973.

Translated from Atomnaya Energiya, Vol. 35, No. 5, p. 404, December, 1973.

© 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011].
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A
copy of this article is available from the publisher for $15.00. )
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E. Bu3doSo (editor)

HEALTH PHYSICS PROBLEMS OF INTERNAL CONTAMINATION
PROCEEDINGS OF THE IRPA SECOND EUROPEAN CONGRESS ON,

RADIATION PROTECTION*

Reviewed by O. M. Zaraev

This compendium of articles contains the proceedings of the second European congress on radiation
protection, which was held May 3-5, 1972. The physics soc¢iety of the Hungarian Peoples Republic, in
collaboration with the International Radiation Protection Association, Sponsored the gathering (see Atom-
naya Energ1ya 33, No. 4, 872 (1972))."

The compendium opens with anintroductory report by the IRPA president W. Marley. The remaining
105 reports are broken down by subject matter into 11 sections: "Internal dosimetry" (9 papers), "Maxi-
mum permissible doses from some naturally occurring radioisotopes™ (7 papers), "Estimates of internal
exposure doses for some artificially produced radioelements™ (6 papers), "Metabolism of radioelements"
(17 papers), "Radiodetoxicological procedures and biological effects of internal exposure™ (15 papers),
"Protecting the population from internal exposure in connection with the operation of nuclear power plants
.and facilities" (6 papers), "Protecting the population from internal exposure to radicisotopes of natural
origin and global fallout" (10 papers), "Spectrometry of human radiations" (7 papers), "Plutonium radio-
metry in vivo, analysis of secretions, measurement of aerosol activity™ (10 papers), "Protection of profes-
sional workers against internal exposure" (15 papers), and "Vamous toplcs in internal d081metry" 3
papers). : :

Close attention is given to analysis of the present state of the art and trends of further development
in normalizing exposure levels for the population as -a whole and for personnel in particular, to in-depth
validation of thé maximum permissible dose concept, and to improx;ed calculation of absorbed dosage with
due attention given to the microdistribution of radioisotopes in the organs and tissues of the human organ-
ism, In addition to the theoretical topics, methods and instruments for practical internal dosimetry are
also discussed. Reliable estimates of internal contamination and exposure levels relying on direct mea-
surements of human body radiation, and also on indirect data including the results of long-term analysis
of body secretions, parameters of the metabolism, information on actual environmental pellution at the
instant radioisotopes gain access to the organism. '

Expenmental data are furnished in abundance not only on the metabohsm and kinetics of turnover
of the radioisotopes of greatest importance in industry and scientifically, but also on estimates of the
. biological effects of small doses of those isotopes, as well as on stimulation of secretions and lessening
of deposition of various radioactive elements through reliance on strong chelating complexing agents.
Organization of radiation safety monitoring and inspection, and development of practical measures in the
design and operation of enterprises and institutions utilizing radioactive materials were also discussed,

The wide scope of the various aspects of internal dosimetry covered, and the high level of scientific
work reported on in the articles, are due in large measure to the work done by scientists of the socialist
countries,

This collection of articles will be of great interest to research scientists, engineering physicists,
physicians, and other specialists working in the field of radiation safety.

* Akademiai Kiado, Budapest, 1973.

Translated from Atomnaya Energiya, Vol. 35, No. 6, p. 422, December, 1973,

© 1974 Consultants Bureau, a division of Plenuin Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011.
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, microfilming, recording or otherwise, wtthout written permission of the publisher. A
copy of this article is available from the publisher for $15.00.
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N. Danila
NUCLEAR ELECTRIC POWER STATION*

Reviewed by Yu. Klimov

This book is a monumental monograph encompassing a broad range of topics in the engineering and
costs aspects of nuclear power generation. The nine chapters of the text cover the state of power fuel
resources on a worldwide basis, discuss the fundamentals of the theory of nuclear power reactors, thermal
arrangements in various types of nuclear power stations, designs of nuclear reactors currently in service,
layouts and special features of power generating and power handling equipment in nuclear power. stations.
Optimization of flowsheets and of the thermodynamical parameters of nuclear power stations, reactor
monitoring and control and monitoring and control of the nuclear power station as a whole, biological
shielding and the makeup of power station equipment, and also power station economics and economic -
optimization of power station parameters, are among the topics discussed.

The monograph is of a review nature, and cites ablist of liter ature containing 431 reference titles,
most of them works by Soviet specialists.

The very broad range of topics that the author decided to cover meant some sacrifice of detailed
treatment, and of depth of treatment to a certain extent, so that the principal quality _bf the monograph,
precisely the broadness of the subject matter, renders it particularly useful to those specialists who lack
sufficient experience in the nuclear power field or are only beginning to specialize in that field.

* Editura Academiei Republicii Socialiste Romania, Bucuresti, 1973.

Translated from Atomnaya Energiya, Vol. 35, No. 6, p. 446, December, 1973.
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LIFE TESTS OF A THERMIONIC CONVERTER

E. S. Bekmukhambetov, V. I. Berzhatyi, _ UDC 621.36
V., P. Gritsaenko, Yu. I. Danilov, i

A, A, Dzhaimurzin, Sh., Sh. Ibragimov,

A. S. Karnaukhov, V. P. Kirienko,

I. M. Kuznetsov, O. I, Lyubimtsev,

V. A, Maevski, M. V, Mel'nikov,

V. K. Morozov, V. N, Ryzhikh,

V. V. Sinyavskii, and Zh, 8., Takibaev

i
i

Reference [1] ﬁas described the basic results of reactor tests, of duration220 h, of the two six-ele-
ment thermionic ES-6-1 and ES -6-2 experimental assemblies, at an average electrical power density of
5to 10 W/ cm?,

We have at least as great a problem in testing the similar £S-6-3 assembly, i.e., to check its opera-
tion and investigate its output characteristics at constant thermal reactor power over 1000 h.

" The Experimental Assembly. In the form subjected to life tests the experimental assembly consisted
of six thermionic electrical generator elements connected in series with the fol'lowling parameters: the
emitter material is a tungsten—rhenium alloy (27% Re); the collector material is niobium; the fissile ma-
terial is uranium dioxide; the collector insulating material is alummum oxide; and the 1nterelectrode gap
(in the cold state) is 0.3 mm. '

To increase the probability of the interelectrode gap remaining sealed, the ES-6-3 included a vacuum
guard cavity containing a distributed heat rejection system. The rest of the construction of the assembly
and elements was the same as in [1].

Test Results. Life tests of the ES-6-3 were carried out on the general-purpcse closed-loop facility of
a water —water reactor with the following basic stages: operational outgassing of the assembly matenals at
reactor power giving maximum emitter temperature of Te max ~ 1700°C; opening of a liquid ces1um
thermostat ampule and increase of thermal power qp to attain an average electrical power density of Wsp
=5 to 10 W/cm? at Te max = 1800 to 1900°C, with the necessary investigations being performed at inter-
mediate power levels; 1nvest1gat10n of the assembly characteristics with qp = const and with periodic
smooth (smooth reduction) and abrupt (removal of reactor safety rods) changes of reactor power.

The ES-6-3 assembly was brought to a thermal power for which Wsp reached ~7 W/cm?, and was
subjected to life testing. Its static and dynamic volt—ampere characteristics were taken per10d1cally, for
the rest of the time it operated at an average current density of j=6to10 A/cm?. The total £S-6-3 test
time was 2670 h,

The static volt—ampere characteristics obtained at the start of the life tests with dy = const corre-
spond to the discharge operating condition for all the six elements and agree well with the characteristics
of similar assemblies tested earlier [1]. A comparison of the characteristics of the three-assemblies for
the initial test period is shown in Fig. 1. ’

The ES—6-3 assembly was operated for about 450 h at practically constant Wy . During that time a
smooth change in the volt—ampere characteristics was observed, with an increase in the short-circuit cur-
rent and a very slight reduction of Wy, at the optimum points; the rate of this process gradually diminished,
and towards the end of the period in question the change in slope was arrested. There was a smooth in-
crease in ‘the optimum temperature of the cesium thermostat (by about 10°C). We can assume that these

. Translated from Atomnaya Energ1ya Vol 35, No. 6, pp. 387- 390 December 1973 Or1g1nal ar-
t1cle submitted February 28, 1973.

©1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011.
No' part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
electromc ‘mechanical, photocopying, microfilming, recording or olherwzse withowt written permission of the publisher. A
“copy of this article is available from the publisher for $15 00.
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JoAfom by a change in the absorption of the electrodes.

vl ‘ During the 2670 h test period there were 16 smooth

and 5 abrupt reductions of reactor power, followed by a
smooth return to the previous power level. The smooth and
abrupt power reductions led in almost all cases to some re-
duction in the output characteristics. of the assembly, the volt
—ampere characteristics showing both a change in slope at
roughly constant short-circuit current, and also an equi-
distant shift. '

0

. The first type of characteristic change can be explained
b& short-circuiting of the electrodes of one of the elements.
4 | L | | | Short-circuiting of the first element was observed after the
_ 2 4 6 V.V third removal of emergency protection after 444 h. It was
Fig. 1. Static volt—ampere character - established from readings of differential thermocouples that
istics of the three six-element assem- one of the central elements went out of action. After 1150 h
blies: 1) ES-6-1, qf =53 W/cm?; 2) there was apparently a short-circuit of a second element, and
£S-6-2; qp = 90 W/ cm?; 3) E8-6-3, p simultaneously a shift in the characteristics.
=68 W/cm?, The cesium vapor pres-
sure is optimum,

Later, after reactor shutdown, there occurred only
an equidistant shift in the volt—ampere characteristics for
gp = const, Only during the last 600 h was no change observed in the output power. In this period there
was also no drop, in power between shutdowns of the reactor. '

The variation in the volt —ampere characteristics for qp = const during the life tests is shown in Fig,
2. Over the 2670 h the electrical power of the assembly decreased from 560 to 75 W.

The variation in the total power of the assembly during the tests is shown in Fig. 3. The arrows show
the times of the smooth (PO, . . ., POy,) and abrupt (AZ,, . .., AZ;) reductions of thermal reactor power,
as well as the variation in the support tube temperature Tg;. :

In the first 400 h of the tests the activity of gases evacuated from the interelectrode gap showed
periodic sharp increases (Fig. 4), and then gradually decreased, stabilizing after 500 h of tests. This is
evidence that in the first phase of the tests there is a breakdown in the sealing of the individual emitters,
with subsequent spontaneous decrease in the leakage channels. '

Discussion of Results. The main result of the tests is the long operating time (2670 h) of the ES-6-3
six-element thermionic assembly with sealed emitter subassemblies of the electrical generator elements,
during which time adiscrete reduction was observed in the electrical power of the assembly following any of
the reactor shutdowns.

Besides short-circuiting of the elements, the main cause of assembly power reduction accompanying
the equidistant shift in the volt—ampere characteristics must be an increase in the collector temperature

T considerably above the optimum value T‘(’:pt. Theoretical investigations using the method described in

[2] have shown that a deviation of T¢ from T%pt shifts the volt—ampere characteristics at qp = const es-

sentially in an equidistant manner; for Wgp =5 to 10 W/ cm? an excess of T¢ over T(épt of 200°C reduces
the assembly power by roughly 25%. ’

The quahtity T was not measured during the tests, but was determined by
Te=Tx +AT(g,)),

where AT is the temperature drop at the collector stack, which depends on the heat flux drej- The intro-

- duction of an additional evacuated cavity in the ES-6-3 increased Tgt, which was ~550°C at.the start of the

life tests. For AT =250 to 300°C at the start of the tests T 2 TQ t for Ty = 1800 to 1850°C. During the
Cc - E

tests Tg¢ increased smoothly by 100°C (see Fig. 3), while AT (dyej) increased owing to the change in the
thermal resistance of the multilayer collector stack. This resistance increase may be associated with
plastic deformation of the stack materials and subsequent stratification during changes in the thermal
conditions in the reactor shutdown periods. A similar explanation was given in [3] for the reduction by al-
most a factor of three in the electrical power of the thermal emission assembly tested for 1700 h in a reac-
tor.
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Fig. 2. Variation of the static volt—ampere char-
acteristics of the ES-6-3 assembly during life tests
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Fig. 3. Variation of the electrical powers (x) and of support tube tem_perature (9
‘ during tests of the ES-6-3 assembly.

The reduction of assembly power due to increase in T 'is confirmed by the dependence of Wsp on gp
obtained during the initial and subsequent rises in reactor power. While WS increases linearly with qp
during the first power rise, i. e analogous to [1], during subsequent upward steps in reactor power (be-
ginning with a certain value qF) the increase in Wsp with increase in qp slows up noticeably because of the
effect of TC not being optimum (Fig. 5). o i

An evxdent possible addltlonal cause for the reduction in the assembly output characteristics accom~
panying the equidistant shift is an increase of thermal loss from the emitter during the tests. This can be
.due to an increase of the surface area of contact when the spacers become imbedded in the electrode ma-
terial, to an increase in the emittance of the electrodes because of condensation of nontransparent films on
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Fig. 4. Variation of the activity of gases at the assembly outlet in .
the first 500 h of tests of the ES-6-3 assembly.

Fig. 5. Variation of the electrical power
of the assembly during the increase in
reactor power during the first 1000 h of
tests: 1) first rise of reactor power; 2, 3)
power rise after the first and second AZ
removals; 4-7) power rise after the first,
second, third, and fourth smooth reactor
shutdowns, respectively.
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the collector, and to an increase in loss of heat through the cesium vapor and other gases when the inter-
electrode gap decreases because of expansion processes..

The partial reduction of assembly power can be explained by the arisal and development of shunt re-
sistances (of magnitude 10~2'to 10~? Q) between the element electrodes, coupled with simuitaneous increase
in leakage current through the collector insulation,

All these factors can evidently be coming into play (to different degrees at different times) during the

life tests. Postreactor investigations of the test assembly will refine our knowledge of causes of var1at10ns
in Wsp

Because the nonuniformities of energy production over the height of the assembly are larger than in
(1], the value of Te max 18 .larger than in the ES-6-1 and ES-6-2 tests, and in fact in the first period of
the tests Te, max = ="1900-1950°C. For peripheral elements Te, max is 200°C lower, and for intermediate
elements it is ~50°C lower than for the central elements. T he departure from temperature uniformity of
individual elements (Te, max—Te, min) is also greater than for previous assemblies.
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The variation of Tg max during the tests depends on the reason for decrease in Wsp: an increase of
T with decrease of j would lead to an increase of Te max» whereas an increase in thermal losses from
the emitter would decrease Te, max- A final conclusion regarding the variation in Te, max requires special
investigations, .

7

CONCLUSIONS

The ES-6-3 six-element thermionic assembly has been tested in a reactor for 2670 h. During the
tests the electrical power of the assembly decreased from 550 W, corresponding to a specific power of
~7 W/cm?, to 75 W. A stepwise decrease in assembly power was observed following any reduction in
reactor power; this is attributed to short-circuiting of individual elements, to irreversible inérease in tem-
perature of the collectors, and to possible increase in heat loss from the emitter.
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SPECTRA OF FILTERED NEUTRON BEAMS FROM
THE OBNINSK REACTOR

E. N. Kuzin, S. P. Belov, : , : UDC 539.125.5.18
V. G. Dvukhsherstnov, V. M. Furmanov,
and N, N. Shchadin

The need for more precise nuclear physics data for fast reactor calculations has led to the creation
of new methods for measuring various neutron interaction cross sections or their ratios. In recent times,
filtered beams [1-3] based on the use of thick filters of various elements which have deep interference
minima in the total cross section are being widely used along with methods which employ accelerators and
the time-of-flight technique. Such filters, located in a well-collimated neutron beam from a high-power
reactor, make it possible to produce a definite neutron spectrum at the end of the beam with the predomi-
nant neutron flux in a rather narrow energy range in the neighborhood of the interference minimum of the
total cross section. By using this method, one can obtain sufficiently intense beams of quammonochromatlc
neutrons ‘which often have a low y-ray background Filters of scandium, iron, and silicon are most widely
used in the energy region 1-1000 keV. Neutron spectra produced by means of such filters have strong peaks
at 2, 24.5, 55, and 144 keV,respectively. Toincrease the monochromaticity of the filtered beams, supple-
mentary filters are usually used which are made of materials that slightly change the intensity of the main
peak and which remove neutrons of other energies from the beam. The value of filtered beams has been
increased considerably by the development of a method for neutron spectroscopy using proton-recoil pro-
portional counters [4, 5] which allows a detailed study of beam spectral characteristics and thus a deter-
mination of the optimal shape of the neutron spectrum. ’

This paper prevents measurements of neutron spectra from one of the horizontal beams of the reactor
at the Obninsk atomic power station filtered with scandium, iron, and silicon; it also presents optimal
_ sets of main and supplementary filters suitable for reactors such as that at the Obninsk atomic power sta-
tion, '

EXPERIMENTAL METHOD

Experimental Geometry, Spectra of neutrons filtered with scandium, iron, and silicon and with sup-
plementary filters of sulfur, aluminum, titanium, manganese, and boron were measured at the uranium
—graphite reactor of the Obninsk atomic power station for a thermal power of ~12 MW. The experimental
geometry is shown in Fig. 1. The neutron beam emerges from the core-reflector boundary along a hori-
zontal channel 50 mm in diameter and 5 m long through the graphite reflector and the reactor shield. The
neutron beam emerging from the reactor shield is shaped by two iron-and-water collimators with open-
ings 30 and 20 mm in diameter. Filters of scandium (99.85%), iron (Armco steel), and silicon (99.9%) are
located in the 30-mm opening of the steel insert in the first collimation tank. Supplementary filters of tita~
nium, manganese, cobalt, sulfur, and aluminum are set up ahead of the 20-mm opening in the second col-
- limation tank, and a filter of 1¥B is installed at the point where the neutronbeam emerges into the experi-
mental room. To decrease the y-ray background, the collimation tanks are filled with an agueous solution
of boric acid and several lead collimators are installed along the beam.

Detectors. Cylindrical proportional counters filled with mixtures of hydrogen and methane were used
" to measure the neutron spectra, The counters were set up at the exit from the last lead collimator so that
the axis of the beam was perpendicular to the axis of the counter. The counters are cylinders 32 mm in
diameter with walls of stainless steel 0.5 mm thick; the collecting electrode is a tungsten wire 0.03 mm in
. diameter; the length of the sensitive volume (~100 mm) is bounded by field tubes; counter insulators are

. Transldted from Atomnaya Energiya, Vol. 35, No. 6, pp. 391-395, December, 1973. Original ar-
ticle submitted April 11, 1973.
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Fig. 1. Exper1menta1 geometry: 1) reactor shield; 2) neutron heam; 3) Sc, Fe, and Si
filters; 4) Ti, Mn, Co, Al, and S filters; 5) B filter; 6) neutron detector; 7) neutron
"trap"; 8, 9) collimation tanks containing borated water.

TABLE 1. Characteristics of Proportional Counters

. Collecting | . .
Gas mixture : ..._tUseful ener-
3 . electrode . |Field tube |Gasamplifi- .,
Counter pressure, Mixture composition . . gy region,
operating |voltage,V jcationfactor
atm : : kev
voltage, V
CHM-47 1 909% H,+4 9,89 CHy+4-0,29 3He 2200 1560 1500 4—15
CHM-38 3 909% H,+9,5% CHy+-0, 5% SHe 2600 2300 80 10—300
CHM-39 4, 950 CH,+5% N, 3400 3010 10 200—1300

made of glass. Other counter characteristics are shown in Table 1.

To amplify counter pulses, a fast, low-noise, charge-sensitive preamplifiér with field-emission
transistors at the input was used; the circuit is similar to that described in {6]. To reduce noise level and
high-frequency pickup, great attention was paid to thorough shielding and careful arrangement of pre-

amplifier parts.

The noise level of the preamplifier was estimated to be 2040 keV for a gas amplification factor of
one, Pulses from the preamplifier were then fed into a spectrometric nonoverloading amplifier with inte-
gration and differentiation time constants of 0.5 and 7.5 usec. The energy scale of the spectrometer was
calibrated in a thermal neutron beam by means of the peak resulting from the absorption of the total
kinetic energy of the products of the reaction He (n, p)*H + 765 keV for hydrogen counters and of the reac-
tion ¥N(n, p)C + 627 keV for the methane counter; it was also calibrated by means of pulses from an NZ-
256 precision pulse generator. Generator pulses were fed into the preamplifier input which made it pos-
sible to monitor the stability of the entire amplification channel of the spectrometer. The pulse-height
distributions from recoil protons were recorded with an NTA-512 analyzer. (Construction of the counters
and preamplifier has been described in detail [7].) ‘

Instrumental distributions of recoil-proton pulses were converted into neutron energy spectra by
"sliding strip" differentiation [8]. Corrections for wall effect were not introduced into the neutron energy
spectra since few high-energy neutrons were contained in the measured spectra, It is assumed that in-
clusion of this effect would lead to corrections of no more than 5-109 in the spectra.

RESUL.TS

Scandium Neutron Beam at 2 keV. To produce a neutron spectrum with an intense peak at 2 kev, a
neutron beam from the uranium —graphite reactor at the Obninsk atomic power station was sent through a
metallic scandium filter 219 g/ cm? thick, It turned out that a large number of neutrons with energies from
8 to 100 keV were present in the neutron spectrum in addition to the strong peak at 2 keV. In such a situa-
tion, the problem of monochromatization is solved in two ways: either one increases the thickness of the
mainfiltering element or one selects additional filters made of elements which have peaks intheir total neutron
cross sections at those energies where the total cross section of the nuclei in the main filter has a mini mum.
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Fig. 2. "Signal" neutron energy spectrum for scandium beam.

Fig. 3. Neutron energy spectrum of iron beam at the Obninsk atomic power station re-

actor. Filter thicknesses (in parentheses), g/ cm?: ) Fe(240); — — ~) Fe(240),
Al(40.5),S(5.7),1°B(O.2); — .—.=) neutron "signal" spectrum, '
TABLE 2, Neutron Groups in Scandium However, increase in the thickness of the main filter-
Beam v o N ing element inevitably leads to a loss of intensity in the
v T ' ' selected neutron peak; in selecting supplementary filters,
it is also necessary to take care that the total cross sections
- - of the nuclei in these filters are small in the energy region
Energy range,|, Relative Energy range, Relative of the selected peak, .
keV intensity ke V intensity .
’ In this work, the problem of monochromatization was
solved by a basically different means: the neutron spectrum
0,6—4,0 1,00 200400 | 0,02 - emerging from the filters is not monochromatized but
428:?80 8,83 400E(§3(§)0 8’(0)(2) rather a certain "signal" spectrum. The "signal" spectrum
100— 200 004 : 54’0 018 for any beam is defined as the difference between the "sig-

nal + background" (S + B) spectrum and the "background" (B)
spectrum, where the "signal + background" is the neutron
spectrum after the filter set with a selected peak, the intensity of which is comparable to the total intensity
_of all neutrons of other energies; "background" is the neutron spectrum measured after the same set of
filters plus one or more additional filters which most efficiently absorb neutrons in the selected peak. Thin
filters of 142Ce and Mn, which have total cross-section maxima in the region of 1.3 and 2.38 keV, can be
recommended as supplementary filters for the measurement of background in the scandium beam:.

Figure 2 shows the "signal® neutron spectrum for the scandium beam with scandium and titanium
filters 219 and 6.7 g/ cm? thick, respectively. The "background" spectrum was measured with a supple-
mentary manganese filter 4.5 g/cm? thick; the titanium filter was used to suppress .a strong neutron peak
at ~8 keV, In Fig. 2, the scandium peak is shifted somewhat to the high-energy side; however, if one takes
into account the behavior of ion-formation energy in hydrogen in the region below 10 keV [9], the peak is
displaced to an energy of 2 keV., The width of this peak at half-height is 1.3 keV (the natural width of the
scandium peak is ~0.7 keV) and the intensity of the neutron flux is ~5-10% N/cm?-sec. Table 2 gives the
relative intensities of various neutron energy groups in the "signal® spectrum of the scandium beam.

It was established that there are practically no y-raysin the scandium beam through an evaluati on of the
y -ray background in the experiments by replacement of the manganese filter with a cobalt filter having the
equivalent y -ray attenuation which attenuated the 2-keV neutron flux very little (~10%).

Iron Neutron Beam. Figure 3 shows the energy spectrum of neutrons filtered by a comparatively
small thickness of iron (Armco steel), aluminum, and sulfur, and also one of the "signal™ neutron spectra.
All spectra shown in Fig. 3 are normalized with respect to the peak intensity at 24.5 keV. The energy
location of spectral peaks and also the nature of the spectral changes resulting from the introduction of sup-

. plementary filters for monochromatization of the beams corresponds to the structure in the total cross
section. The intensity of the peak at 24.5 + 1.0 keV is 2-10* N/cm?- sec at the detector position for an iron
filter 240 g/ cm? thick. Table 3 gives the relative inténsities of various neutron energy groups in the iron
beam spectrum from the reactor of the Obninsk atomic power station, :
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TABLE 3. Neutron Groups in Iron Beam

Relative neutron intensity

energy interval, keV beam
1 | 2 3 4 5 6 7
17—30 . 1 1 1 1 1 1 1
30—100 0,231 0,032 0,004 0,013 0,000 0,037 0,003
100— 200 0,941 0,167 0,021 0,068 0,008 0,131 0,009
200—500 1,615 0,413 0,040 0,158 0,022 0,171 0,025
500—800 0,784 0,180 0,019 0,057 0,004 0,080 0,012
> 800 0,907 0,248 0,017 0,052 0,002 0,105 0,014
>30 4,478 1,04 0,101 0,348 0,036 0,524 0,063
-Relative intensity of 1 0,74 0,58 0,52 0,40- 0,98 0,82
17-30keV group )

Note. Composition of filters used (nurﬁbers before symbols for elements indicate filter thickness in g/cm?y:

B

.Beam 2:

eam 1:

Beam 3:

B

eam 4:

Beam 5:

Beam 6:

B

TABLE 4. Neutron Groups in Silicon Beam

eam T:

240 Fe, _
240 Fe + 18.9A1 + 5.7S + 0.2 B,

S =(S + B)~B; (S+B)=24OFe+189Al+5’7S+0‘21°B B= 240Fe+189A1+57S+02’°B+34T1.

240 Fe + 40.5A1 + 5.7S + 0,2 1B,

S =(S + B)=B; (S + B) = 240 Fe +405A1+5 7S+021°B B = 240 Fe +405A1+5’7S+02mB+34T1

162 Fe + 40.5A1+ 5,75 + 0.2 1B,

S =(S + B)-B; (S+B)-162 Fe + 40.5A1+ 5.7 +0.2 g, B-162Fe+405A1+57S+02mB+34T1.

It 1s clear from Table 3 that a "signal® spectrum

Neutron

without marked loss of intensity in the main peak at 24.5

Neutror keV but with noticeable improvement in the degree of mono-

Neutron

("signal®) |("signal®) chromatization is obtained by the introduction of a sup-
Energyinterval,ly .= {beam at ?szl‘;tk plementary titanium filter 3.4 g/cm? thick for measure-
: +
keV 5545 keV  |134+1dkeV. eV ment of the "background" spectra of the iron beam.
) Silicon Neutron Beam. Figure 4 shows the neutron
relative intensity spectrum from a silicon filter 118 g/cm? thick and a sup-
9040 0,041 0,000 0,002 plementary titanium filter 7.9 g/cm? thick for suppressing
40—65 1 : 0,008 . 0,084 neutrons with energies of 50-60 keV. The positions of the
65—100 0,145 0,001 0 020 A
100—200 0,047 1 peaks correspond to neutron energies of 144 and 50 keV
200600 0,001 0,002 0,006 h h ninima in th al cross section
001000 07024 0008 0012 where -t ere are deep minima i t e‘tot lc 088 ion of
0,077 0,019 0,036 the silicon nucleus, The difference in the position of the

> 1000

50-keV peak from the data of [3] is caused by the supple-
mentary titanium filter; the behavior of the total cross

sectlon in titanium at 50-60 keV explains the shift, Measurement of the "background" spectrum for the
neutron beam at 144 kéV by means of a sulfur filter 5.7 g/cm? thick made it possible to obtain a "signal®
spectrum with a neutron peak at 134 keV and a hlgh degree of monochromaticity. Neutron fluxes at 144

+ 15 and 134 + 14 keV are 8-10% and 4 - 10* N/ cm? - sec,

5
@ 4 - bi—
o297 sr
2 -]
~ZF ’:T'.Z_
& &
1+ 1
0 [ I N R S LS 1 0 l i1 [ =N R .
12 100 ‘1000 Ep, keV 10 100 1000 Ep, keV
Fig 4 Fig. 5

Fig. 4. Energy spectrum for neutrons in 144-keV silicon beam, Filter thicknesses, g/cm?:
Si(118), Ti(7.9), °B(0.2). :

- Fig, 5. Energy spectrum of neutrons in silicon beam ("signal") at 55 keV. Filter thick-
nesses, .g/cm?: "signal + background®) Si(87.9), S(34.6), 19B(0.2); "background") the same
filters plus Ti(7.9).
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Using a main filter of silicon 87.9 g/ cm? thick, a supplementary filter of sulfur 34.6 g/ cm® thick to
suppress 144-keV neutrons, and a titanium filter 7.9 g/ cm? thick to measure the "background" spectrum
(i.e., to suppress the peak in the region of 50-60 keV), a "signal" neutron spectrum was obtained with good
separation of the peak at 55 + 5 keV and an intensity of ~104 N/cm?-sec.

The energy spectrum of neutrons in the silicon beam at 55 keV is shown in Fig. 5. Table 4 shows the "
. relative intensity of various neutron energy groups for the.peaks at 55 + 5 and 134 * 14 keV, which were .
obtained as "signal™ spectra, and for the 144-keV neutron beam. '

For the silicon neutron beams, the y-ray background was taken into account by means of measure-
ments with an additional thin water filter and calculation of ¥ -ray and neutron attenuation by this filter.

In conclusion, the authors express their gratitude to Yu. A. Kazanskii for valuable advice and dis-
cussions of the results and also to A, F. Gamal for kindly supplying the silicon filter.
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OPERATION OF A COLD TRAP FOR SODIUM IMPURITIES

L. G. Volchkov, M. K. Gorchakov, UDC 621.039.534
F. A, Kozlov, V. V., Matyukhin,
Yu. P. Nalimov, and B. I. Tonov.

Studies ‘[1, 2] have shown that one should know the effects of various parameters including those

" dealing with structural design, on the distribution of impurities precipitated throughout a trap in order

to guarantee optimal performance of a cold trap for sodium impurities (impurity content, productivity).

However, the investigation of this distribution has been conducted after the testing of the traps and only
for certain operations. :

In this paper, -particular consideration is given to this problem and to the study of heat exchange
processes. The studies are conducted on a gas-cooled cold trap, During the tests, the sodium was "con-
taminated " with sodium perox1de :

An experlmental trap is represented in Fig. 1a, An internal regenerator for the trap is achieved in
the form of coils of tubes 25 x 2 mm in size with an average diameter of 150 mm and a 52 mm pitch. The coils
aré located in the dump tank and the final cooling zone. The density of the packing (stainless steel chips)
in the absorbers, embedded in parallel, increased in the direction of flow of the metal: 70, 140, and 200
kg/ m3,

The air cooling the trap was distributed through three chambers embedded in parallel (zones I, II,
and Il below,. counting from the absorber). In order tointensify heattransfertotheair [3] 5x 2mmtrans-
‘verse, rectangular fins are arranged 7 mm apart on the casing of the trap.’

The coefficients of heat transfer in the different zones, the temperature’distribution along the height
and diameter, the diffusion characteristics, and the oxide content and its distribution along the height and
d1ameter of the trap were determined.

The distribution of the oxides along the height of the trap were measured pemodlcally in proportion
_to'the accumulation of impurities in it. For these purposes, the trap was examined using vy -rays. The
absorption of y -rays by the oxides accumulating in the trap was determined in the fdllowing manner, Ini-
tially, when the trap is filled with pure sodium, measurements were conducted at selected points, At the
same time, we recorded the signal with a second instrument and a combined thickness of- a spemally
selected stack of steel plates guaranteeing the max1mum possible absorptxon of the y-rays.

. The absorption of y-radiation by a trap increases in prOpOI‘tIOIl to the accumulation of oxides in'it.
Compensation of this absorption is achieved by decreasing the number of plates in the stack placed at the
outlet for the beam of v -rays from the collimator of the source assembly. The difference in the total thick-
nesses of the plates (b mm of steel) for these measurements and the readings of the second instrument. is
a measure of the variation in the concentration of the oxides in the volume being examined with the y-radia-
- tion, In order to eliminate errors connected with the occurrence of cavities in the trap and with a'varia-
tion in the temperature, we measured the absorption of the vy -rays during continuous circulation of the
sodium through the trap under stationary temperature conditions,

The source assemblies and ionization chambers were moved lengthwise along the trap and across
" its diameter by special apparatus with traversing equipment (precision of apparatus is +2 mm). We utilized
a’special instrument for continuous measurement of the hydrogen in the sodium [4]. During contamination

Translated from Atomnaya Energiya, Vol. 35, No. 6, pp. 396-400, December, 1973. Orlglnal article
submitted April 7, 1973.

-
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Fig. 1. Diagram of cold trap and distribution of temperature and
sodium oxide along its height, a) Diagram of cold trap: I) air-cool-
ing chamber; 2) regenerator coil; 3) mobile thermocouple containers;
4) 18 mm diameter center pipe; 5) absorber. b) Distribution of sodi-
um oxide GNa‘ZO along the height of the trap: @) 14; o) 63; O) 111 kg.
‘c) Temperature fields inside the trap for Gng0 = 0 and G = 0.9 m?
/h: ) temperature for Regy = 5.3-10%, Regpr = Regppp = 0

— — —) temperature for Regry = 5.6 104, Regp = Regqppp = 05—+~ —)
temperature for Re,yyy = 4.5-104, Reay = Regpp = 05 1, 2, 3, 4) ther-
mocouples located 0, 54, 100, and 144 mm, respectively, from the
axis of the trap; e) behavior of the theoretical average temperature
of the sodium for cooling only in the absorber; O) the same for cool-
ing only in the final cooling zone. d) Temperature fields in the trap:
) temperature inside the trap for Gyng o =35 kgt ———, '
_____ ) temperature inside the trap for GNaoz =87 kg (remaining
conditions and symbols as in c),

of the coolant by sodium peroxide, the plugging temperature T of a plugging meter did not exceed 540°K.
Otherwise, the method of testing is similar to that described in [2]. '
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In addmon to the coefficients of heat transfer, we calculated the total amount of heat in the sodlum
- carried off by the air: v

Q=I[GCpp (¢’ =)}y —IGCpp (' -—t’)]u. (GO "—8)] c1
where Q is.the heat flow, W; G is the flow rate, m®/h; t is the temperature of the sodium, °C; C,, is the

specific heat at constant pressure, J/kg-deg; p is the density, kg/m3. The distribution of the heat-flow
relative to the cooling zones occurred in proportion to the flow rates and heating of the air:

. (6,0 " — 0]y
G=0 2 (GCop (8" —0"))y

where 0 is the temperature of the air,"C. The indexes in the equations here and below denote: t) trap; 1.
cl, u, cl) lower and upper coils; a) air; m) mobile thermocouple; one prime) inlet; two primes) outlet; i
=1, II, ITT) zone number.

An exact determination of the average temperature of the sodium is impossible due to the strong in-
fluence of longitudinal heat overflows (low Pe = wd/a numbers), the complex hydrodynamics, and the ther-
mal interaction of the zones, In this connection, we took the reading of the mobile thermocouple t),
located 54 mm from the axis, for the average calorimetric temperature of the sodium at a given cross sec-
tion of the trap in zones I and II, i.e., it was assumed that t; ='tmj (i =I, II). The approximation t{y; =~ t{
is utilized in the dump tank for determining the temperature of the sodlum The coefficients of heat trans-
. fer were calculated from the equations:

SN SRR | §
Fi (tmi—0:)
Qm

kg =———r—
: Fm( —0111)

where k is the coefficient of heat transfer, W/ m®- deg; F is the heat exchange area, m?; for the con-
taminated surfaces F;, we took an equal surface, free from impurities,

The diffusion characteristics obtained for a cold trap (the time dependence of the plugging temperature
of the plugging meter on the operating conditions) were used for finding :

Co—C1.

C —Cs /V
where V is the volume of sodium in the loop at the temperature of the inlet to the trap, m3; 7 is the de-
contamination time, reckoned from the moment of measurement of Cy; Cy, C are the initial and instan-
taneous concentrations of oxygen in the sodium, wt. %; Cy is the final saturation concentration of oxygen in

the sodium at the temperature of the air from the trap, wt. %. The transformatlon from the plugging tem-
perature to the oxygen concentration was achieved by means of the equation

gc_12_9@

_ During the testing of the trap, we measured the distribution of the oxides in its volume five times in
three planes: along the diameter of the trap and at distances of 80 and 100 mm from the axis (Fig. 1b). The
initial oxide deposits were distributed, primarily, in the absorber and the bottom of zone III. Subsequently,
the oxides were distributed in zone II, in the first and second sections of the absorber and in the middle

of zone III. Thus, after approximately 14 kg of oxide had accumulated in the trap, only two of the three
sections of the absorber functioned, and the accumulation of oxides in them practically ceased after that,

as a significant amount of impurities settled in the outlet of zone II (the trap accumulated 63 kg of Na,0).
The location of high impurity precipitation was then shifted downwards in zone II, moving away from the
absorber, and rose inzone IIL ‘The concentratmn of prec1p1tate formed at the begmmng of the tests varied
little afterwards. :

Let us consider the time dependence of the temperature distribution in the trap. It follows from Fig,
lc, d-that the combined action of free and forced convection appears to be the principal phenomenon de-
termining the processes in the trap, In a "clean" trap, natural convection results in an equalizing of the
temperature field along its height. An increase in the temperature at the wall during removal from the
bottom of the trap (see Fig. 1c) indicates that the motion of the metal is directed downwards just at the
wall. Only in this manner can one explam the downward buildup of a cold layer in zone II and its gradual
thinning in zone III, where surface cooling under the given conditions was absent,
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It is obvious that the flow rate for the metal moving upward through the interior of zone II must be
higher than the average flow rate through the trap, One can estimate its value using the equation

Gy = Gr (5, — ta)/(ti—13),

t

which is obtained from the conditions for the heat balance and the flow-rate balance for the rising (Gy, t;)
and falling (G,, %) flows in zone II (Gyt; =~ Gyt + Cytys Gy = C, + Gy). In accordance with the experimental
results, if the readings of the second and fourth mobile thermocouples are taken at t; and t, (t, = 195°C, tg
=297°C, t; =206°C), then G; ~ 9Gy. ‘

The wall flow falls below the heat-transfer region and is mixed with the hot sodium entering the trap;
as a result, the temperature of the metal falls sharply at the inlet tothe dump tank irrespective of the point
of heat removal by the air. ’

The results of the tests show that natural convection develops during the cooling of every zone; how-
ever, its effect is reduced in those regions where a significant quantity of oxides is precipitated.

A hot "jet" is located just below the inlet for the metal in zone III. The greater its penetraﬁon depth,
the higher the inlet velocity of the sodium and the lower the sodium—air temperature difference [5]. A
region of practically stationary cooled metal, which is formed because of the heat losses and the descent
of the cold metal at the wall of the trap, is found beneath the "jet" as far as the bottom. The hydrodynamics
of the upper part of zone III has an extremely complex character and is distinguished by an intensive mixing
of cold and hot flows. The fact that the range of the fluctuations in the temperature of the region between the
"jet™ and the downward flow at the wall reaches 30°C attests to this, :

The temperature fields vary substantially during the accumulation of oxides in the trap (see Fig. 2d).
Their analysis shows that the oxides are distributed nonuniformly in the trap. The effect of the composite
convection on the temperature distribution diminishes longitudinally; the longitudinal temperature gradient
in the sodium flow approaches the theoretical value.

_ From an analysis of the temperature distribution in the trap, it follows that under testing conditions
the precipitation of the oxides could occur in practically the entire volume of the trap, with the exception
of the hot "jet" region. An intensive accumulation of oxides in zone I and the bottom of the dump tank during
the initial period of testing is explained by the divided mass exchange surfaces in the absorber dnd the
sedimentation processes in the dump zone. Hence, the region of intensive circulation is confined to zone
II in proportion to the accumulation of oxides in the inlet section of the absorber; its permeation of the
latter is inhibited, As a result, the region of intensive mass exchange is distributed near the inlet to the
absorber at the end of zone II. The accumulation of impurities in this region results in a further shift down-
wards of the region of intensive circulation, and the layer of oxide formed at the end of zone II begins to
function as the absorber. Thus, the coolant, whose concentration of impurities is close to saturation at a
given temperature, enters the absorbers and the further accumulation of impurities in them takes place
very slowly. At the same time, the retention coefficient for oxygen in a contaminated trap (the weight of
Na,0 > 63 kg) with by-passing of the absorber by the sodium is approximately one. After 14 kg of sodium
oxide has accumulated in the trap, only two of the three sections, arranged in parallel, of the absorber
were actually functioning; this is explained by the clogging of the bypass tubes with impurities. This was
verified upon sectioning the trap in order to analyze its contents after the tests,

The slight increase in the concentration of impurities in the lower part of the dump zone (~250 mm
from the bottom) with further accumulation of them in the superincumbent regions is explained by céssa~
tion of the circulation of the coolant in this region after formation of the deposit and the absence of tem-
perature gradients in it. Consequently, the impurities are not carried upward into this zone by the sodium
flow and the deposit formed is concentrated because the distillation process occurs very slowly.

The results of the measurements of the coefficients of heat transfer in the varioué zones of the trap
are shown in Figs. 2 and 3, The coefficients of sodium-wall heat transfer were not calculated because of
the absence of accurate data for heat-exchange involving air.

During the operation of only zone II, its coefficients of heat transfer attain 465 W/ m?. deg (see Fig.
2). The inclusion of cooling zone I reduces kyj. This is explained (the reduction of kyyy with the inclusion
of cooling zones I and II is also found from the tests) by the unusual shielding of the wall by a cold flow of
metal, descending from above. The inclusion of an internal regenerator did not cause an appreciable
change in kyr and kypr. Apparently, this is explained by the insignificant heat removal by the coil in view
of the small temperature difference, The values of ky in a clean trap reach 290 W/ m’ - deg (see Fig. 2). In

v
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Fig. 2. Dependence of the coefficients of heat transfer on Rea. When G¢ = 0.9

m3/h and GN320 =24 kg: X) kyry Regay, Regqrp =05 @) kyp, Regy =6 104 &) kig, .
" Regp = 6104, Reypp=5- 104 o) krrr, Rear = Regqry = 05 O) kypp, Reaqy = 6

<104, Regr = 0 A) kqr1, Regr =6+ 104, Regpr = 0; @) kpyp, Regr = Regpr = 6+ 104,

When Gt = 0.41; 0.9; 1,67 m®/h. and GNa,0 = 0-35 kg: +) ky, Reayy = (0-6) - 104,

Regyr = (0-5) - 104, ,

Fig. 3. Dependence of the coefficients of heat transfer on Pe. ®) kjj, GNg 0
=2.4 kg, Reqqyp = 5104 O) ki, GNa,0 = 14 kg, Reayr = 2.8- 104, Re,qyp azz
-104-5- 104, :

zones I and II; the coefficients of heat transfer are weakly dependent on the flow rate of the sodium through
the trap (see Figs. 2 and 3). Therefore, one can assume that kp < kjy due to restriction by the chips and by
the baffles in the transfer section of zone I, .

The values of kyy are shown in Figs. 2 and 3. The increase in kpyy with an increase in Pepyy (Peryy is
calculated from the inlet pipe parameters) occurs primarily because of an increase in the penetration
depth of the "jet," i.e., in fact, because of an increase in the heat-exchange area, On the basis of the data
presented, one can assume that kj = 290, kyy = 350, and kypp = 115 W/ m? - deg for 2 0.9 m3/h sodium flow
rate and Re,; = Regyp = 6+ 10% and Regypy = 5+ 102 during the combined operation of all of the zones in a
"clean® trap, '

During the accumulation of 87 kg of oxides in the trap, the coefficient of heat transfer in zone III
dropped from 195 to 150 W/ m?- deg when G¢ = 0.9 m®/h and Reg = 5- 10%, One can explain such a small
decrease by the relatively low accumulation of sodium oxide in the zone where the flow of hot sodium,
entering the trap, develops, i.e., in the zone of the most intensive heat exchange. A significant decrease
in kyp (from 465 to 315 W/m? - deg, when Gi = 0.9 m3/h and Rey = 6 - 10%) during the accumulation of 111 kg
of sodium oxide in the trap is explained by the fact that zone II contains the most oxide, An appreciable
change in the coefficient of heat transfer did not occur in the absorber after the accumulation of 35 kg of

- sodium oxide in the trap, when G¢ = 0.9 m3/h and Re, = 6104,

Analysis of the dependence of the oxygen retention coefficient 8 in the trap on the parameters showed
that 8 =0.7-1 for G; = 0.245-0.9 m3/h and broad ranges of Reg numbers in the zones, during which the -
spread in the experimental data is reduced with an increase in the amount of oxide accumulated in the trap
and 8 — 1. The maximum dir pressure differentials in chambers I, II, and III equal 520, 445, and.520
mm H,O for flow rates of 1870, 1750, and 1550 m?/h, respectively. Using this data, the conventional hy-
draulic resistance coefficients for the air chambers together with the local resistances are calculated:
£1=0.12; &1y = 0.24; &qpp = 0.17. :

During the testing of the trap, a periodic accumulation of impurities (including hydrogenous im-

" purities as well) is found in its outlet line, This resulted in an increase of the hydraulic resistance of the
trap. "The precipitated impurities were easily washed out during the pumping of the hot sodium out of the
loop through this line and were then collected by the trap. This effect vanishes for large accumulations of
sodium oxide in the trap. The sodium oxide capacity of the trap (i.e., the ratio of the weight of accumulated
oxide to the weight of sodium in a clean trap) comprised 64 wt. %. '
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Thus, examination of the trap by y-rays proved to be an effective way of investigating the oxide dis-
tribution in the zones of the trap, which is a heat-mass exchange system, The deficiencies discovered (the
precipitation of impurities in the outlet line during the initial period of operation, the clogging of the ar-
ray of bypass pipes, and the accumulation of impurities near the absorber) can be eliminated by design
measures and by the utilization of procedures for removing local obstructions. The periodic flushing of
the outlet line and the feeding of hot, pure sodium into the region of accumulation are related to the above,
which allows one totransportthe impurities to the dump tank,
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"EMISSION OF IMPURITIES WITH WASTE PRODUCTS
OF SODIUM COMBUSTION

Yu. V. Chechetkin, I. G. Kobzar?!, ' UDC 621.039.534.63:536.46
and G. I. Poznyak : )

In the seal failure of the first loop of a fast reactor in which sodium is used as the coolant, the high
temperature of the sodium leads to the spontaneous ignition of the sodium in an oxygen-containing atmo-
sphere, while the radioactivity results in contamination of the station premises: The experience which
has been gathered in the operation of sodium systems has shown that failure involving considerable losses
of the coolant are little likely, but that even small outflows of sodium can lead to a substantial deterioration

-of the radiation conditions on the premises of a reactor station. Thus, though large-scale failures are not
very likely, one cannot simply disregard possible small outflows resuiting from a failure. '

Model experiments'on the outflow of hot sodium in sudden full-cross-section breaks of conduits have
revealed that the ejection of the sodiuim takes place without extensive atomization of the sodium, where-
upon a quiet burning follows. '

It has been shown in [1] that without thermal isolation, the temperature of the main mass of hot
sodium stabilizes at 650~700°C. The maximum temperature on the surface of the hot mass reaches 870~
980°C. During the burning of the sodium, aerosols in the form of oxides with a sodium concentration of
'30-40% of the initial material are emitted into the air. The corresponding value was 7-19% in {2]. Similar
values were obtained in [3]. According to the data of [4, 5], when sodium burns in air, about 20% of the
oxidized sodium is emitted in the form of aerosols into the atmosphere. ’

The emission of fission products and other sodium admixtures with the aerosol during the combustion
of sodium has been considered to a lesser extent in the literature. Mainly the emission of I has been
reported in the papers published. For example, the maximum 3] emission in [6] amounted to 10% of the
initial value, and the emission did not exceed 3.4% in some experiments. It was shown that the iodine is
emitted from the sodium while adsorption to the sodium oxide takes place, It was established in [2, 3, 6, 7]
that when sodium is burnt, iodine is present in the aerosols mainly in the form of sodium iodide Nal (65%)
and sodium iodate NalIO; (35%).

" Only qualitative information has been provided on the removal of fission products, nuclear fuel, cor-
rosion products, and initiai admixtures from sodium. It was shown in [3] that when iodine and cesium are
present in equal concentrations in burning sodium, the concentration of 137Cs in the aerosols is more than
10 times greater than the 3] concentration in the aerosols, after the combustion of the sodium. Since the
majority of fission products (strontium, bromine, lanthanum, mercury, ruthenium, zirconium, and nio-
bium) and the nuclear fuel are preSent in sodium mainly in the form of oxides, the emission of these oxides
in aerosols must be insignificant [6]. In experiments in which sodium and plutonium were burnt [6], it was
found that the plutonium —sodium ratio in the aerosols varied between 0,34 and 0, 008% and less. A high ini-
tial value of the ratio is observed in the first moment of the ignition of sodium. One must bear in mind that '
the majority of the data were obtained when small sodium samples (up to 150 g) were burnt, '

Summarizing, the existihg data on the outflow of sodium and its admixtures into the surrounding
atmosphere during the burning of sodium are, if available at all, inconsistent. But the data are of great
" importance for the planning of emergency measures in which the aftereffects of possible discharges of the
coolant are taken into consideration, or for setting requirements for shielding means.

Translated from Atomnaya Energiya, Vol. 35, No. 6, pp. 401-404, December, 1973. Original articie
submitted February 14, 1973. . Co
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TABLE 1. Emission of Impuriti'es in the Aerosol When Sodium Is Burnt

Fraction of the
isotopes in the |Fraction of
. Activity aerosol, Teof  |sodium in the [Weight of
Expt. Element Compound Isotope Wci * lthe initial aerosol,% of  |sodium
e amount in the |oxidized sample, kg
oxidized sodium .
. Isodium
1 Sodium - — — - 13 40
2 NaCl 22Na 0,15—11 12,5—14,5 12,514 0,15—0,165
3 Coolant - 22Na 10—22 12,6—14,9 11,5--144,1  |0,104—0,15
4 Silver AgNOg omA 2,3 11,3 12,5 0,158
9 Coolant 1omA g 3,5—8,6 8,1—12,5 11,5—14,1 |0,104—0,15
10 ifron FeCly 59Fe 0,01 2,1 13,6 0,165
1 Cobalt Co(NOs3), 60Co 0,01 1,1 14 0,15 .
12 [Zinc Zn(NOg)y . 857n 0,014 23,5 14 0,15
13 Coolant §57Zn 1,7—2,1 28,1—30,7 11,5—-12,3 [0,104—0,15
14 Iodine Nal 1317 22 8,8—9,3 11—12,6 [0,128—0,119
15 Nal 131 200 11,6 12,6 40
16 Nal — — 10,6 11,6 &4
17 Barium - BaCl, 130Ba 2,8 1,4 13,6 0,163 |
18 Lanthanum | LaCl, 14013 1,7 0,9 13,6 0,163
19 Cesium . CsNOg - 137Cs 19—40 52—56,3 11—14,6 0,11—0.163
20 Cerium CeCly 144Ce 170 42,8 14,6 0,11
21 Strontium SrCl, 208y 23 3,1 12 0,161
22 Zirconium {Zr(C;0,)-2Zr(OH), 9Zr 23 0,9 13,6 0,163
23 |Ruthenium |BRu(NOj)s 106Ru 9 6,6 1 0,128

Note. The O, concentration in the atmosphere is 21%. In experiments 1 and 16,t = 445°C; in the other experi-
ments, t = 500~550°C, The amount of admixed Nal was 425 g in experiment 16.

The present article reports on an experimental investigation of the outflow of admixtures when so-
dium burns during depressurization of the coolant loop.

The experiments were made in a station having a volume of 390 m?, natural ventilation, and a sealed.
test volume of about 1 m3. In a first experiment, sodium was heated to the required temperature in a melt-
ing tank having a volume of 0.16 m3.- The sodium was discharged into a special bottom plate through a
tubular duct with electrical heating and thermal isolation., In the second experiment, the sodium, along
with admixed impurities, was heated in a sealed melting furnace having a volume calculated for tests with
400 g sodium. Sodium-combustion experiments were made in the normal atmosphere. Sodium which had
been taken from a BOR-60 reactor was used in some experiments, whereas various compounds were in-
troduced in some cases before melting the sodium. The corresponding elements were applied in the form
of chlorides and nitrates to solid sodium carbonate and dried under an infrared lamp.

The introduced radioactivity allowed reliable recordings of the radioisotopes present in samples to be
analyzed. The composition of the aerosols which were formed during the burning of sodium was deter- B
mined with the aid of chemical analyses or y-spectrometrical analyses of the oxides which settled on the
surfaces. The amount of aerosol was determined by weighing. -Radiochemical isotope separation methods
were employed in several experiments. The activity of samples which contained N5y was measured with
rate meters and ring counters., The vy -activity was analyzed with the aid of AI-256 analyzers and Nal(Tl)
detectors having a size of 70 X 70 mm and Ge(Li) detectors having a volume of 25 cm®. The concentration
of stable sodium was in all samples determined by titration with standard hydrochloric acid and with flame
photometry; the concentration of sodium peroxide was determined by iodometry.

The main results obtained in the experiments are listed in Table 1. The table includes the most im-
portant information on the impurities which were introduced into the sodium before it was burnt: elements
and their compounds, the radioisotopes of each element, which were used in the measurements, and the
activities of these radioisotopes. The fraction of an element contained in the aerosois was determined from
the ratio of the concentration (activity) of the element in the aerosols to the total concentration (activity)
in the oxidized sodium mass. '

The following conclusions can be drawn from the results, When sodium quietly burns, its emission
in the form of oxides into the atmospliere of the station amounts to 9-15% of the oxidized sodium mass.
The emission of iodine, silver, and ruthenium is close to the emission of the sodium; the emission of zir-
cohium, barium, lanthanum, strontium, iron, and cobalt amounts to about 3% of the initial concentration
in the burnt sodium. The emission of cesium and cerium in the sodium waste gases is highest and amounts
to 43-56% of the initial concentration in the burnt. sodium. The low emission of *Fe and °Co is also noted
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in the investigations of the isotope composition of the aerosols in the gas chamber of the. BOR-60 and BR-5
reactors. At the maximum concentration of aerosols in air (1 g/ m3), the following distribution of the pre-
cipitated waste gases of sodium and its impurities was observed: less than 2% precipitated on the ceiling,
less than 18% on the walls, and about 80% of the total amount of sodium oxides which had gone into the
atmosphere settled on the floor.

The experimental results imply the following scheme of the emission of admixtures during the burn-
ing of sodium, The oxidation of sodium on the surface of the melt greatly increases the temperature (870-
980°C), and, as a consequence, sodium evaporates, oxidizes in the atmosphere, and is carried away into
the surrounding space by air currents, ;

The sodium-combustion products, which are suSpended in the atmosphere of the premises, obey the
usual laws of coagulation, diffusion, and precipitation. Depending upon the amount of ejected material and
the emission time, one or the other mechanism dominates. The reduction of the particle concentration in
the course of time follows an exponential law when the initial concentrations are below 1 mg/ liter air. At
initial aerosol concentrations between 1-2 and 60 mg and more per liter [4], the behavior of the aerosols
is determined mainly by coagulation. In this case, the time dependence of the precipitation of the suspended
mass differs from an exponential law. When the initial concentration is much smaller than 1 mg/ liter,
sedimentation and diffusion on the wallspredominate. The sedimentation ofthe aerosolsisinthis case prac--
tically independent of the initial concentration and occurs at a constant rate.

The total sodium concentration in the aerosols is proportional to the amount of sodium oxidized
on the surface of the melt. A certain decrease in the sodium emitted into the aerosol during the burning
of large amounts of sodium can be explained by the intensive flow of heat from the high-temperature zone
to the rest of the outflowing sodium. Thus, the amount of evaporating sodium is reduced. This conclusion
is corroborated by the results of experiments in which the emission resulting from the burning of various
amounts of sodium was measured either at equal or at different temperatures, '

The distribution of traces (microcomponents) between the liquid phase and the gas phase depends upon
both the temperature and the vapor pressure of the compound in which the traces are embedded. When
sodium burns, the emission of the admixtures is also affected by the adsorption of the ox1des which are on
the surface of the melt, and by mechanical removal via the flow of evaporating sodium.

The majority of the admixtures listed above are present in the form of ‘oxides or pure elements in
sodium. The formation of the oxides of iron and nickel in sodium at high temperatures has been described
in [8]. The conclusions are apparently valid for cobalt, because its chemical properties are similar to
those of iron and nickel. Silver and zinc readily dissolve without forming intermetallic compounds with
sodium [9, 10], their oxides are reduced, and, at high temperatures, silver and zinc are probably present
in the form of the elements, Easily soluble admixtures are emitted in amounts which are proportional to
the weight of the evaporating sodium. This is put into evidence by the data on the emission of silver the
vapor pressure of which is low at the temperature of burning sodium. The amount emitted is close to the
amount of sodium emitted. The intensive emission of zinc results from the high vapor pressure of zinc,
because the temperature on the surface of the melt is close to the boiling point of zinc (913°C).

In a melt of metallic sodium, cerium is probably present in the form of Ce,0,. When sodium burns
in the presence of an oxidizing agent (oxygen, sodium peroxide), conditions for a violent oxidation of
Ce, 04 into CeO, exist. The reaction can increase the emission of cerium. ‘

The solubility of iron oxide and cobalt oxide is low, and these oxides have the tendency to interact
with the sodium oxides. The removal of the oxides in the aerosol must be insignificant, which is observed
in experiments. The emission figures which were measured are probably the result of a mechanical en-
trainment, Noteworthy is the satisfactory agreement between the removal of zinc and silver in experi-
‘ments in which a sample of the coolant of the POR-60 reactor was burnt, and in an experiment in which
samples with added impurities were burnt. It follows from the results of [6, 10-13] that iodine, rubidium,
and cesium are fully soluble in sodium. Experiments which were made with the systems Cs — Na, Rb-—Na,
Cs—I—Na, and Rb—I—Na have shown that I, Cs, and Rb are independently transferred into the vapor phase.
The last two elements are carried away in the form of elements. Lanthanum, zirconium, strontium, and
barium are apparently capable of forming stable, nonvolatile oxides in sodium. Hence, their removal with
the aerosol must be insignificant during the burning of sodium. The results of the experiments confirm
these conclusions, ' »
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The following conclusions can be drawn from our data,

1. When hot sodium coolant burns quietly in a station which is under normal atmospheric conditions
and has no provisions for suppressing the burning, the emission of sodium in the form of aerosols
does not exceed 149 of the burnt sodium mass, The impurities which were present in the initial '
sodium are carried away into the atmosphere with the combustion products. The quantity of emit-
ted silver, iodine, and ruthenium is close to the amount of sodium emitted. The emissions of '
zirconium, barium, lanthanum, strontium, iron, and cobalt amount to less than 3% of the initial
amounts in the burnt sodium. The greatest discharge into the aerosols is observed in the case
of cesium and cerium @3-56% of the initial concentrations in the burnt sodium).

2. At the maximum aerosol concentrations of about 1 g sodium per m?, the distribution of the precip-
itated sodium combustion products is characterized by the followmg values: ce1hng less than 29,
walls less than 18%, and floor about 80%.

The data on the emission of sodium impurities with the sodium combustion products into the atmo-

sphere of a reactor station can be used in the analysis of the aftereffects of an emergency discharge of
the sodium coolant in a fast reactor, in the development of measures for the liquidation of these after-
effects, and in the planning of SyStemS for the purification of gas emissions.

!.\'})—‘
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12,
13.
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PURIFYING AND CONCENTRATING LIQUID
LOW-RADIOACTIVITY WASTE PRODUCTS WITH
THE INVERSE OSMOSIS TECHNIQUE

Yu. I. Dytnerskii, A, A, Pushkoyv, UDC (621.039.751.4+628.314.2).001.5
A. A, Svittsov, D. I. Trofimov, '
Yu. I. Zhilin, and V. G. Grigortfev "

Among the new techniques developed in the last few years for purifying solutions from salts and con-
centrating the solutions, the inverse osmosis technique assumes a particular position. This method is
advantageously distinguished from other methods by several details: no chemical agents are required, the
process occurs without phase transitions, and the process can be conducted at normal temperatures. The
energy consumed in this technique is close to the minimum energy for thermodynamic separation work [1].

The principle of the method is as follows: when a pressure higher than the osmotic pressure is ap-
plied to a solution which on one side is bounded by a semipermeable membrane, the solvent begins to '
penetrate through the semipermeable membrane, but the dissolved material remains in the solution the -
concentration of which increases in the course of time. When semipermeable membranes of high selectivity
and permeability became available [2, 3], the inverse osmosis technique could be used in practice for the
" distillation of seawater. Standard blocks of desalination units making use of this method are serially pro-
‘duced in the US. The output is 1000 m3 fresh water per day.

The selectivity of membranes is given by the formula

(1__) 100%, : | : (1)

where X; denotes the concentration of the dissolved material in the initial Solution; and X, denotes the con-
centration of the dissolved material in the filtrate. The permeability characterizes the membrane efflc1ency
which is eXpressed in liter/m?-h,

During the last few years, the inverse osmosis method has received great attention as a method of
purifying various types.of sewage [4].

The liquid low-radioactivity wastes are neutral agueous solutions of mineral salts with a small ad-
mixture of organic materials, the total concentration of which (about 0.5-1 g/ liter) is 30-40 times smaller
than the concentration of the organic material in seawater [5]. It therefore appeared sensible to use the
inverse osmosis method for purifying and concentrating solutions of the above-specified kind [6]. The
present work was undertaken for the purpose of estabhshmg the pOSS1b111t1es of inverse osmosis for these
goals,

We used in our work single- and multisection apparatus (Figs. 1 and 2) with semipermeable mem-

- branes on the basis of cellulose acetate. The membranes had been produced with a special technology [7].
The experiments were made on real industrial, radioactive waste waters having the following character-
istics: salt concentration 0.5 g/liter; pH of the material 7-8; oxidability 25-30 mg 02/ liter; and g -activity
5.10-7 Ci/liter. The solutions were initially coagulated and mechanically filtered. Several experiments

- were made on model solutions of sodium nitrate. -

The operational parameters of the process were at first studied on single-section apparatus with
a strongly agitated solution. Figure 3 illustrates the dependences of both permeability and selectivity of

) “Translated from Atomnaya Energiya, Vol. 35, No. 6, pp. 405-408, December, 1973. Original ar-
ticle submitted September 13, 1972.

© 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011.
No part of this publication may.be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, microfilming, recording of otherwise, without written permission of the publzsher A
“copy of tth arucle is available from the publisher for $15 00.
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Fig. 1. Scheme of the single-section laboratory cell: 1) magnetic stirrer; 2) semipermeable
membrane; 3) porous drainage layer.

Fig. 2. Scheme of the multisection separator: 1) porous dralnage layer; 2) sem1permeable
membrane,

cellulose acetate membranes upon the pressure inthe treatment of various solutions.*

During the experiment, the salt concentration in the solution increased gradually. The most intensive
increase in salt concentration was observed in the solution layer close to the membrane, This effect is
termed concentration polarization and leads to a substantial deterioration of the eff101ency of the membrane.

The rate at which water penetrates a membrane is expressed by the formula
G=K (P—n), (2)

where K denotes the membrane’ constant; P is the pressure of operation; and v denotes the osmotic pres-

sure of the solution and is proportional to the concentration of the solution. The quantity (P—m) is termed

the motive force of the process. Thus, an increase in the concentration in the layer close to the membrane
reduces both permeability and selectivity of the membrane [8, 9]. The efficiency of the process increases
when the solution over the membrane is agitated, as can be inferred from Fig. 4.

In research on the influence of the salt concentration of the initial solution upon the properties of
cellulose acetate membranes, a decrease in both permeability and selectivity of the membrane was ob-
served at high (up to 30%) concentrations of the solution to bé separated. The reduced permeab111ty results.
from a decrease inthe motive force of the process (Eq. (2)), whereas the reduced selectivity is a conse-
quence of an increased penetration of the dissolved matter by diffusion when the concentration gradient
increases [10]. ' o '

In order to determine the efficiency of purification from various radioisotopes, several experiments
were made with aqueous solutions of sodium nitrate which was present in various concentrations and con-
tained admixed traces of radioisotopes. The results of these experiments are listed in Table 1.

The coefficient of concentrating, i.e., the reduction of the final volume of waste products'is an im-
portant indicator of the processing of ra.d1oact1ve waste, The radioactive solutions were concentrated on
an experimental multisection apparatus of the filter-press type which had a total useful membrane area
of 0.16 m?, Figure 5 depicts the scheme of the apparatus. The initial volume of the solution (100 liter) was
reduced 400 times (to the smallest possible volume of liquid in the system). The concentration of the salts
in the solution increased steadily from 0.5 to 21.0 g/ liter, i.e,, the salt concentration increased about 40
times. As can be inferred from the results, a significant’ pur1f1cat10n of the solutions does not occur at
these values, because 45 g of the 50 g of salts contained in the initial solution are transferred into the con-
centrate. The reason is that the selectivity of the membranes used in the experiments was relatively low
(about 90%). The purification coefficient increases with increasing selectivity of the membrane, and a re-
duction of the concentrate volume can be obtained with the necessary salt concentration in the purified
water. Improved results ‘can be obtained when the solutions to be purified are processed several times.

* All following experiments were made at the optimum pressure of 100 atm.
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Fig. 3. Dependence of the selectivity (A) and permeability (O) of cellulose acetate mem-
branes upon the pressure: 1) NaNQ; solution; 2) liquid wastes.

Fig. 4. Dependence of the selectivity (A) and permeability (O) of cellulose acetate
membranes upon both the rate of stirrer rotation and the quantity Re,

Figure 6 illustrates the variation of both permeablhty and selectivity of the membranes during the process
of concentrating the solutions. :

The selectivity of the cellulose acetate membranes was constant in the entire variability range of the
concentrations. The permeability of the membranes (and, hence, the capacity of the apparatus) decreased
duringthe experiments from 9.8 to 3.5 liter/m?-h. This reduction of the output results from the precip-
itation of iron hydroxides on the membrane surface (the iron hydroxides are present in the form of sus-
pended matter in the solutions). The precipitate was removed after disassembly of the apparatus, and the
permeability of the membranes could be restored to the initial level.

Additional experiments were made with solutlons which had not gone through the coagulatlon stage.
The results of two experiments are compared in Table 2: treatment of the solutions before and after coagu-
lationwith the technique adopted. The results led to the assumption that a treatment of the liquid wastes
before their introduction into the inverse osmosis apparatus can be restricted to filtration, which means
a substantial. simplification of the purification technique, However, the coagulation stage cannot be ex-
cluded from the scheme adopted, because it is then necessary to reduce the amount of organic admixtures
in the waste waters, toretain all colloids present, and to reduce the concentrations of metals such as Ce,

"Zr, Nb, and rare-earth elements, All this is obtained during the purification process based on inverse

osSmosis.

When radioactive wastes were treated in a single-step process, the salt concentratioh decreased in
both cases from 0.46 to 0.08 g/liter, while the specific ,B—activity decreased from 6.4 -10~% to 2.4+10-°

\

TABLE 1. Results of Expenments in Which Model Solutions Were Purified from Various

Radioactive Isotopes

Initial solution Filtrate Selectivity .
- - - - Permeabil-
Isotope concentration activity, concentration activity, radioiso- HYs liter
of NaNQ,, Gi/liter of NaNQy, ° Ci/liter NaNO,,% % 1/mth
g/liter \ g/liter - 7 topes,
131] 0,56 3,56-10-7 0,058 4,39.10-9 89,7 98,9 11,7
24,97 2,53.10"7 2,55 1,24-10-8 90,2 95,4
144G 0,70 6,49.10-8 0,098 3,37.10-8 86,0 99,5 10,9
€ 25,20 5,66.10-5 3,13 . 3,29.10-7 87,5 99,2
187Cs 0,67 5,18.10-¢ 0,067 3,32.10-8 90,2 99,5 11,2
21,40 3,42.10-8 2,19 1,16.10-¢ 90,0 97,0
957 0,67 1,07.10-5 0,109 9,46.10-8 84,2 99,2 10,7
r . 29,50 7,68.10-5 3,72 2,06-10-7 87,4 99,7
83 0,63 4,09-10-¢ 0,064 7,40-10-8 90,0 98,6 10,9
: r 32,25 ’7,80.10-5 3,97 1,83.10-¢ 88,0 97,7.
60C 0,66 3,83-10-5 0,087 - 2,28-1077 87,0 99,5 11,0
0 25,00 7,70-10-¢ 2,79 1,29.10-¢ 89,0 99,8
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Fig. 5. Scheme of the experimental apparatus for the separation of solutions
by inverse osmosis: 1) initial volume; 2) hydraulic accumulator; 3) mano-
‘meter; 4) separator; 5) valve for pressure adjustment; 6). pump and metering
device, :

'Fig. 6. Change of both selectivity (A) and permeability (O) of .cellulos_e
acetate membranes during the concentrating process,
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TABLE 2. Change of the Permeability of Mem-
branes during the T¥eatment of Solutions before
and after Coagulation

. Initial X inal Decrease
Tnitial rmea- Final rmea- |in per-
Solution to be jconcen- pe concen- pe P e
treated ‘Jration bility, tration bility. meabili-
1 5 " |liter Jlite * fliter jty, liter
g/ liter Jmzn [EET mon /m%h
Beforecoag- | 0,46 - | 12,7 | 1,23 11,8 0,9
ulation 0,46 9,8 1,30 7,5 2,3

G, liter/mPh
14

|

|

! . ! f
v 0 2 v4 b & D, Mrad
Fig. 7. Change of both selectivity (a) and permeability (b) of five cellu-
lose acetate membranes tested during irradiation with y -rays (the num-
‘bers at the curves correspond to the number of the membrane); — ——)
minimum of the y-radiation. '

Ci/liter. This corresponds to a decrease of 809,
in the salt concentration and a decrease of 96% in
the g-activity. The need for a second purification
step depends upon the quality of the semipermeable
membrane and the economical process parameters
of the various possible schemes,

During the treatment of the radioactive .solu-
tions, the radiolysis of the cellulose acetate was
studied. (Cellulose acetate was the base material
of the semipermeable membranes.) The change
of the membrane properties was checked with a
cobalt y-source for which both selectivity and

permeability were measured. The corresponding dependences are illustrated in Fig, 7. Calculations have
shown that during the treatment process of liquid wastes of low radioactivity, the service life of the mem-
branes does not impose any restrictions upon the process, :

The results of the investigations have confirmed that the 1nverse osmosw technique is ngmlsmg

s

purification processes of liquid waste products of Tow radloact1v1ty “he results have established that

~Targer units can be employed. The position of ihverse oSmosis in a scheme for the purification of radio-
active solutions must be determined. A corresponding research program will provide information of the
efficiency of the inverse osmosis technique used on an industrial scale, )
‘_/———————’—"_""WW hand

Iy
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FRAGMENT YIELDS FROM THE SLOW-NEUTRON
FISSION OF %4'Am AND 24lpy \

N. V. Skovorodkin, A. V. Sorokina, _ ' UDC 621.039.512.23
K. A, Petrzhak, and A, S, Krivokhatskii :

The study of fragment mass yields from the thermal-neutron fission of 1 Am is of interest for nu- .
clear physics. The isotope *!Am,, is an odd—even isotope, and according to systematics it should have a
small thermal-neutron fission cross section since the fission barrier of the compound nucleus #2Am is
higher than the binding energy of a neutron [1]. However, measurements show that 21Am occupies a special
place among such isotopes since its thermal-neutron fission cross section is very large — 3.13 b [2].
In addition the compound nucleus 42Am has a spontaneously fissionable isomer. Therefore it is of great
interest to compare the fragment mass yield curves of the three fissionable systems having 242 nucleons
but various numbers of protons in their nuclei: #!Amy. (n, £), *!Pug,(n, f), and #2Cmy; (spontaneous fission).

The fragment mass yields of 24!Am from neutron-induced fission were first reported by Cuninghame
[3] and later by Rickard et al. [4]. Cuninghame determined the reldtive yields of 21 isotopes. The absolute
yields were obtained by normalizing the sum of the experimental and extrapolated values of the relative
yields to 2009, assuming that the absolute yield of 14%Ba is 6%. The authors estimate that the uncertainty
in the latter value is +15%. The neutron spectrum was 85% thermal and 15% neutrons with energies above
0.3 eV, The experiments were performed on americium free of fissionable contaminants,

Rickard et al. [4] used !Am which was not specially purified. The absence of 239py was monitored
only by the o -particle spectrum. The relative yields were normalized to absolute values by using the val-
ue of the absolute yield of 13°Ba [3]. The ratio of thermal to fast (=1 MeV) neutrons was about 10.

At the time the present work was being completed an article [5] appeared reporting the yields of 23
mass chains, The thermal neutron flux was measured by the activation of gold foils ~100 ug/ cm thick,
and the number of fissions in the irradiated samples was calculated by using 3.13 b for the thermal-neu-
tron fission cross section of 2!Am [2]. The samples were irradiated in a thermal column, The cadmium
ratio for gold was ~5000. The fission fragment activity was measured with a y -ray spectrometer using
a Ge(Li) detector which was calibrated against standards supplied by MAGATE,

The‘present article reports on our measurements of the absolute yields of a nuinber of isotopes.
The number of fissions in an irradiated ‘target was measured directly by the method described in [6].

EXPERIMENTAL METHOD

Yields of 241Am Fission Fragments

Since the #1Am fission cross section is several orders of magnitude smaller than the fission cross
_ sections of such transuranic elements as 23?Pu and %!puy, these fissionable isotopes must be removed from
the americium. Plutonium was removed by sorption on an 8 N HNO; anion-exchange resin [7]. The decon-
tamination factor per cycle was ~103, The remaining transuranic and rare-earth elements were separated
from americium by a cation-exchange resin column using ammonium ¢ -hydroxyisobutyrate [7]. However

~ the americium purified this way contained 14"Pm, as was discovered in determining the yields of the rare-
earth elements, Therefore still another purification was performed using concentrated HCI on a cation-
exchange resin column [8]. ' '

Translated from Atomnaya Energiya, Vol, 35, No. 6, pp. 409416, December, 1973. Original article
Submitted April 4, 1973; revision submitted July 9, 1973.
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TABLE 1. Absolute Cumulative Yields Determined by Radiochemical Method"

. No..of ex Data from
Isotope| Ty/e Absolute yield,% |periments '

performed . 1 . e

893r | 50,36 days 1,072-0,07 3 0,81+-0,05 1,2+0,1 —

%0Sr 28,1years 1,37+10 3 1,16+4-0,08 — —
9%Zr | 65,5days: 4,03+0,15 5 3,90+0,51 2,7+0,1 4,04+0,21
%Zr | 17,0h - 5,37+0,21 3 3,55+0,46 -— 5,16+0,04
99Mo | 66,96h 6,55+0,18 6 6,85+0,41 6,3+0,3 6,90+-0,26

112pg { 24,0h 0,574-0,02 4 — — —
132Te { 77,7h". 4,88+0,19 3 4,4840,31 °3,9+0,3 4,7040,02
135Ba | 82,9 min 6,58+0,21 3 6,22+0,31 6,22 8,68+4-0,27
140Ba | 12,8days 6,02+0,17 8 6,04+0,36 5,240,1 5,63+0,11
141Ce | 32,51days 4,714-0,16 6 5,04:+0,66 4,7+0,2 6,29-0,31

. 144Ce | 284,3 aays 3,4140,09 8 3,1540,41 3,240,2 —

Note. The yield of “Ba was computed on the basis of the relative yield °8a/*Ba found equal to 1.0930,009
in-the present work.

The absolute yields of a number of fragments were determined by measuring the number of fissions
in the americium sample and the absolute B -activity of each isotope in a 47-flow counter as in [9]. The
yields of other fragments were determined either relative to the yield of séme reference fragment (44Ce,
147Nq, 149Ba) with the measurement of the absolute g-activity by a 47-counter, or by the method of R val-
ues [10] with respect to the yields of the corresponding fragments from 23®puy irradiated simultaneously
under the same conditions., The values of the 23°Py fission fragment yields from slow-teutron fission were
taken from [11]. A semiconductor y-ray spectrometer with a Ge(Li) crystal or a scintillation y-ray
spectrometer with a NaIl(’Il) crystal were used to compare the activities of the isotopes being studied.

_The absolute cumulative yields of 8%Sr, *%Sr, %Zr, ¥Zr, %Mo, 112pd, 132Te, 13982, 140ga, 11Ce, and
144ce were obtained directly. The samples for the determination of the absolute yields and the mica de- -
tectors for measuring the number of fissions in the working samples were prepared the same way as in [6].
The samples were irradiated in a neutron flux of ~3- 10! neutrons/cm? - sec for 1 to 2 h so that the num-
;)?r of fissions due to the accumulated #2MAm and'*2Amdid not exceed 1% of the number of fission due to
1Am, o

The cadmium ratio for the conditions in question was more than seven. The screening of the working
samples as a result of neutron absorption in them was 0.1% [6].

All subsequent operations — the unpacking of the irradiated assemblies, the etching of the mica, the -
measurement of the number of fission fragment tracks, the dissolving of the working samples of 24! Am,
the radiochemical analysis, the measurement of the absolute g -activity, etc. — are described in [6, 7, 9,
12]. The results of these measurements are shown in Table 1.

The samples of 21Am for the determination of the relative yields and for relative y-ray spectro-

. meter measurements were prepared by vacuum sputtering of americium and plutonium nitrates on thin
(0.1 mm thick) disks of high-purity aluminum (AB00000). The thickness of the layer of material did not
exceed 150 pug/cm?, so that no correctionhad to be made for the self-absorption of fragments in the layer.
The diameter of the active spot was ~8 mm. The fission fragments emerging from the sample were col-
lected on disks of this same aluminum placed 0.1 mm from the sample. These collectors were later
analyzed. The irradiation conditions were the _same as in'the determination of absolute yields. The re-
maining procedures are described in [7, 9, 12].

The relative and absolute yields of isotopes of rare-earth elements and yttrium are shown in Table
2, and the absolute yields determined by the R-value method are given in Table 3.

The mean-square errors of the direct determination of the absolute yields are made up of the error
in measuring the number of fissions in the sample, the error in measuring the absolute g-activity, and
the error in determining the chemical yield of the carriers,

.The errors of the absolute yields obtained by relative methods include, in addition to the errors in-
dicated above, the errors of measuring the 8- and vy -activities, and in the case of the R values, the er-
rors in measuring the absolute yields of the 239py fission fragments.,
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"TABLE 2. Yields of Isotopes of Rare-Earth Elements and Yttrium ‘ '

o, of ex- Yield (our data) - Data from
Isotope | T1y, eriments
erformed relative absolute [31 {41 51
iy 58,8days. . 5 0,505+0,007 1,73+0,06 1,164-0,08 1,94-0,05°| 1,48+0,43
92y ,62°h 3 0,568+0,029 1,94+0,11 — 2,3+0,1 2,09-£0,04
LEDS 10,18 h - 3 0,779+0,017 2,66+0,10 — -3,040,2 —
1408 40,0 h 3 1,7524-0,103 5,984-0,38 6,0+0,36 5,240,1 5,63+0,11
141],a 3,85 h 3 1,206+0,051 4,12-+0,20 — — —
141Ce . | 32,51 dazs 6 1,34340,012 4,59+0,15 5,0440,66 { 4,7+0,2 6,29+0,31
143Ce 33,4 3 1,018+0,018 3,484-0,12 — 3,4+0,1 | 3,48+0,15
143py 13,59 days 7 1,077+0,013 3,680,412 3,324-0,46 — —_
144Ce 284,3 days 8 1,000 3,41+0,09 3,15+0,41 | 3,2+0,2 —
145pp 5,98 h 3 0,957+-0,026 3,27+0,13 — — —
147Nqd 11,06 days 7 0,61040,008 2,08+0,07 2,084:0,33 - 1,8140,20
. 148Nd 1,8 h 2 0,378+0,020 1,294:0,08 — — —
48Py | 53,09°h 5 0,4344-0,015 1,48+0,07 — — —
151Pm 28,40 h 5 0,237+0,012 0,84-£0,05 — — —
153Sm 47,1 h 6 0,167+0,003 0,57+0,02 . 0,76+0,12 — —
165Ky 1,815years 2 0,090+0,008 0,30+0,03 — — —
1568m 9,4 h 3 0,03574-0,0014 0,1224-0,005 — — —
156Ky 15,21 days 6 0,0712+0,0014 0,2434-0,009 - — —
167Ky 15,15h 5 0,0471+0,0021 0,16140,008 — — —
159Gd | 18,0 h 6 0,0209+-0,0008 0,071+0,0036 — — —
161Th 7,2 days 5 0,00639+0,00024 | 0,0218+-0,0011 — — —

TABLE 3. Absolute Cumulative Fission Fragment Yields from the Slow-Neutron Fis-
sion of #1pyu

4]
=]
E
Absolute yield (our data) Gl Data from
Ol
Isotope T1/2 . 3 |g
b~
scintillation  |crystalspec-| zae ° 8
ysta©sp S 8 131 (41 5]
spectrometer [trometer Z &
95Zr 65,5 days . 4,1140,08 | 3,77+0,11 |4,99 | 5+3 | 3,90%0,51 | 2,7+0,1 | 4,04:40,21
87Zr - 17,0h 5,30-+0,06 | 5,262-0,11 |5,55 | 343 | 3,55+0,46 — 5,1640,04
99Mo * 66,96 h — 6,55* 6,17 6,85-+0,41 | 6,3+0,3 | 6,90+0,26
103Ru 38,6 days — 5,324-0,16 | 5,63 2 — 7,7+0,2 7,65+0,23
105Rh 35,9h — 6,71+-0,18 15,50 3 — 6,6+0,2 | 6,8540,29
109pd 13,47h 2,544-0,08 — 1,40 2 — — —
1114 7,5days 0,99+0,03 — 0,27 5 0,89+0,05 0,22 1,19+0,04
112p 21,0 h 0,570,02 — 0,12 1 — — -
115Cd 53,5 h 0,047-£0,002 — 0,038 4 | 0,0464-0,003 — 10,075£0,008
3! Cd4-mcd T ' 0,050--0,002 — 0,041 0,050+0,004 — 0,080--0,009
1278h 91,2h - 0,51+0,02 - 0,378 3 —_ —_ 0,66-+0,03
2‘12913 1,2640,11 — 1,15 1 — - —
isiy 8,05 days - 3,69£0,13 | 3,44+0,19 13,75 | 343 | 3,710,419 | 2,1+0,1 4,014-0,14
132Te 77,7 — 4,85+0,14 | 5,13 3 4,48+0,31 3,940,3 4,70+0,02
1331 208h - — 6,48+0,1 6,90 3 - 4,0+£0,2 7,46+0,30
135Xe 9,2 h — 7,32+0,20 | 7,25 2 — 4,840,3 6,094-0,30
136Cs T 13,5 days - | 0,2664:0,014 — 0,0835] 5 | 0,288+0,032 0,16 —
137Cs 30 years 6,21+0,27 — 6,48 6 9,241,84 8,6 —_
140Bg * 12,8 days 6,02 * 6,05+0,16 | 5,58 * 6,020,36 | 5,2+0,1 5,6340,11
141Cq * 32,51 days — 4,65* |[5,13* 5,04+0,66 4,740,2 6,29+0,31
143Ce 33,4h — 3,71+0,10 | 3,99 2 3,32+0,46 | 3,440,2 | 3,484+0,15

*Reference isotopes with which yields were comparéd. The values of the ®Mo, ¥Ba, and M!Ce yields in By
fission were taken from[€]. . L

‘f Corrections to the WM cq yield were introduced by taking account of the experimental data on the yields of
_cadmium isomers in ithe thermal neutron fission of heavy elements[13], L
¥Independent value of 8Cs yield in the thermal-neutron fission of 2**Pu taken from [14]. -

The mass yield curve (Fig. 1) was plotted from the yields of the final members of the mass chains.
The corrections for the independent yields of these isotopes were introduced, as in {9], by using a Gaus-
sian charge distribution.

Table 4 shows the calculated values of the cumulative yields of some of the final numbers of the
mass chains which differ from the measured yields.

The sums of the yields of the masses in the heavy and light peaks are 98.5 + 3.0 and 101.1 + 3.4%,
respectively. The total width of the heavy peak at 1/10 the maximum height of the smooth curve, &gy /4, is
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Fig. 1. Fission fragment yields from the slow-neutron fission of 2! Am: O) our data; A) [3);
X) [4]; A) [5].

Fig. 2. Fission fragment yields from the slow-neutron fission of 24! py;. O) our data; A) [16];
x) [17]. V) [18].

TABLE 4. Yields of Final Members of 25.0 + 1.0 massunits (MU) and for the light masses AL,/1 i8

- Mass Chains ' _ - 245 + 1.0MU. Theaverage masses in the peaks of the
‘ pverage mea- Calculated yieldof light and heavy fragments are My, = 100.5 + 0.7 MU, and
Isotope [ g 9 the final member - My =138.4 + 1.0 MU. Hence the average number of
yield, % s i . _ - .
of the chain, % . prompt neutrons per fission is v = Ap— (M, + Mg = 3.1
i ' » + 1.0, This value is in good agreement with the result of
977, 5,29:+0,05 5,42:£0,05 i W = i
1357 28660117 513000 18 direct measurement.s v ) 3.219 + 0.0-38) [15!, but differs
133] _ © 6.48+0.17 6,54+0.17 from the result obtained in [5] by radiochemical measure-
Ta0ne éiggigﬁg 3:391731?3 ments of yields (v =4.0), Fine structure is apparent on
v the smooth yield curve (Fig, 1) for masses 99-100, 105-

106, 134-135, 139-140, and 145.

Yields of %41py Fission Fragments

The yields of fission fragments of this isotope were determined by the same methods used for *!Am.
The results obtained are shown in Table 5. The yields of isotopes of the rare-earth elements and the iso-
topes Y, Mo, and 4°Ba were measured earlier [6]. Figure 2 shows the yields of the final members of
the chains, The sums of the yields of the masses in the heavy and light peaks are 101.2 + 3.0 and 98.2
+ 2,9%, respectively, The values of AHy /4y and Agy, /44 are 23.5 + 1.0 and 24.0 + 1.0 MU, respectively,
and the average masses of the heavy and light peaks are: MH =138.5 * 1.0 MU and ML =100.5 £ 0.7 MU,
Hence v = 3.0 + 1.0, whichis inrather good agreement with the value v = 2.874 = 0.015 measured directly.
Fine structure is evident on the mass yield curve for masses 144, '139- 140 133-134, and in the light peak,
probably, for masses 99 and 105.

DISCUSSION OF RESULTS

Figure 1 shows that our data on 24!Am are in rather good agreement with earlier results [3, 4], but
differ significantly from Nakahara's [5] values of thermal-neutron fission yields (cadmium ratio for gold
Ry = 5000). At the maximum of the heavy peak Nakaharats values for the 37Cs and 13¥Ba yields are much
larger than ours, while the yields of heavier fragments are smaller. These differences amount for the
fact that his average mass of the heavy peak (Mg =137.3) is almost 1 MU smaller, and the. average number
of prompt neutrons is one larger (v =4.,0) than our values,
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TABLE 5. Absolute Cumulative Fission Fragment Yields from the Slow-Neutron Fis-
sion of #1py

- Absolute yield Method of deter- |0 °F %" Data from
Isotope “(our datay, % mining yield periments
performed [§13E3 nnd (18]
893y 1,214-0,004 - Absolute 3 — — —
203y 1,464-0,04 . 3 —_ 1,53 —
95Zr 4,08+0,12 " 3 — 3,92. 4,17
-4,124-0,10 By R factor 6 —
97Zr 4,99+4-0,22 LI 6 — 4,76 4,69
99Mo * 6,15+0,16 Absolute 5 — 6,17 6,00
103Ru 6,0540,19 By R factor 3 - — —
105Rh 6,08+0,16 n o w 3 —_ — —
100pd - 2,26+0,12 L 2 — — —
11Ag 0,59+0,02 Absolute 3 — — 0,52
- 0,56+0,02 By R factor 4 '
112pq 0,223+0,007 Absolute 3
0,233+0,012 By R factor 3 — — —
1158Cd 0,022+0,001 " ow : 3 —_ —_ -
115Cq ’ 0,024+0,001 — — — — —
127Sh 0,227+0,007 Absolute - 3 — — —
0,239+0,013 By R factor 2
1317 3,20+0,14 = ® o 6 3,01 3,15 —
132T¢ 4,49+0,12 Absolute 5
’ 4,48-+0,10 {By R factor 6 4,47 4,64 —
1331 7,23+0,25 : o on- e - 3 6,56 6,71 —
135X e 7,8040,19 PR 2 7,08 —_ —
136Cs T ) 0,0175-+-0,0007 - .o 2 — . — —
137Cs 7,05-+0,33- nonon 5 — 6,60 —
140Bg * : 5,64-+0,15 Absolute 6 5,78 5,86 —_
lCe* 4,81+4-0,13 " )
4,78+0,18 By R factor 6 4,84 —_ 5,11

*Reference isotopes,
T Independent yield of #°Cs, .
tIn[16,17] the values of the yields were obtained by a mass spectrometric method,

10 =

= I ‘ . .
: E Fig. 3. Yield of fission fragment for three fis-
g L sionable systems with Ay =242: ——) fission of
2 b 21Am by slow neutrons (our data); ----) fission.
T:;: = of #lpy by slow neutrons (our data); —+-.-~s)
< spontaneous fission of 22Cm (data of [23]).

gorl=

0,001 1 (N N T O S S N A N |

{1111t
70 80 %0 0 om0 f20 130 140 150 160 A

.Our values of the fragment yields from symmetrical fission (M11Ag, 112pq, 15cd, 17Sh) for a reactor
neutron spectrum (Rp, =4-5) agree with those in {3] within the limits of error. The yields of 115Cd and
the other fragments in the valley for a thermal neutron spectrum ([Rp, = 5000) [5] are almost half again
as large as those for the reactor spectrum. It is shown in [19-21] that the probability of the symmetrical
fission of 23U and 23?pu by resonance neutrons depends not only on the excitation energy but also on the
spin state of the compound nucleus: for resonances with higher spin values the probability of symmetrical
fission is smaller than for fission by thermal neutrons, and for resonances with smaller spin values of
the compound nucleus it .is larger. For the actual spectrum the probability of symmetrical fission is de-
termined by the contributions of these two groups, In our case Rpy =4-5), just as in the fission of 235U
and 239Pu by resonance neutrons, the main contribution to the fission of ! Am by slow neutrons comes from
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', TABLE 6. Some Parameters of the Mass Distribution Curves for Fissionable Systems

} with Ap =242
wet . . Positi .
Fissionable = - S0 Myttt My—M 2 . Yyys00 osition of fine
system L JH L A . structure

L

241pyt-pn | 400,540,7 | 138,541,0 | 24,0+1,0 | 23,5+1,0 0,0247 3,01_1,0 0,0237 99;131405;1&33—
241Am 4 | 100,540,7 | 138,4£1,0 | 24,54+1,0 [ 25,0%1,0 0,0245. |[3,1+1,0| 0,0504 99—1’00; 105 —

e 126; 134 —-135;
) 139 — 140;

. . . 145
22Cm (s.f.) 102,3 137,3 21,5 24,5 0,0209 2,4 0,036 19_5; 132; 134

resonances with a higher value of the spin state of the comound nucleus' (I = 37) for which the probability of
symmetrical fission is smaller than for thermal neutrons.

In the fission of 41pu by slow neutrons (Fig. 2) the values of the yields of the final members of the
chains found by radiochemistry (our data) ahd mass spectrometry ([16, 17]) are in rather good agreement
in the region of maximum yields. However, in the region of the rare-earth elements the values of the
yields found by radiochemistry are systematically lower than the resuits obtained by mass spectrometry,
except for the yields of the reference fragments 44ce and 4"Nd 4"Pm) which are the same. Since the neu-
tron spectra were nearly the same in all the studies (in our case Rpy =4-5; in all the others Rpy = 2.5-
3.0) this divergence cannot be explained by the effect of fast and resonance neutrons. In addition the 24! pu
thermal-neutron fission cross section is so large that the contribution from fast neutrons should be small.

We determined the relative yields of all the rare-earth elements in a single experiment by separating
all of them from one sample. In the initial determination of relative yields by mass spectrometry the iso-
topes of individual elements were separated from various samples and then the individual groups were
joined. Therefore the divergences mentioned can be accounted for by joining and normalization errors.

For this reason our method is probably preferable. It is possible, however, that for masses with yieids
<19% the final members of the chains can be formed with appreciable independent yields [22].

Our results permit practically a unique comparison of the yield curves for the three fissionable sys-
tems having 242 nucleons but various numbers of protons in their nuclei and different excitation energies:
the slow-neutron induced fission of 2! Pu and 2*!Am (our work) and the spontaneous fission of #2Cm [23].
Some characteristics of these curves are given in Table 6, and the curves are shown in Fig. 3.

Figure 3 shows that although Ag is the same for all the systems mentioned, the light peak for the
spontaneous fission of #2Cm is shifted toward larger mass numbers by approximately 2 MU and the heavy
peak toward smaller mass numbers by approximately 1 MU relative to the peaks for the induced fission
of 21py and 2!Am. Therefore the spontaneous fission of 2#2Cm is less asymmetric. The width of the curves
and the number of neutrons emitted per fission generally increases with increasing excitation energy.
These values are minimum for the spontaneous fission of 2Cm and are significantly larger for the neutron-
_induced fission of #'pu and !Am. This is a consequence of the higher excitation energy in induced fis-
sion. However, the 4!Am yield curve is broader than that for 2#1pu, although the latter has a larger ex-
citation énergy than ®!Am, This is probably related to the large fast-neutron contribution to 2!Am fis-
sion since the %41pu thermal-neutron fission cross section is hundreds of times larger than the fast-neutron
cross section, while the #!Am thermal-neutron and fast-neutron cross sections are comparable, and the
fast-neutron fission contribution will be significant, particularly for fragments of strongly asymmetric
fission whose yields increase with increasing neutrohn energy [24].

It should be noted that according to Nakahara [5] the fragment yield curve is narrower for #!Am than
for 2'pu, which does not agree with our results. However 47Nd is the heaviest fragment whose 41Am fis—
sion yield was determined experimentally by Nakahara; the yields of heavier fragments were obtained by
extrapolation. Figure 3 shows that the curve for **!Am begins to spread out in comparison with the curve
for 1pu only after A =151, and the yields of strongly asymmetric fragments, e.g., ¥!Tb, are almost
2.7 times as large for !Am as for !pu, Up to a mass of 151 the yield curve for 2!Am is narrower than
that for 241pyu, Finally there is still another factor which probably can influence the interpretation. In [5]
the #!py fission fragment yield curve plotted from a mass spectrometer analysis was chosen for com-
parison with the #'Am fission fragment yield curve, and as we showed earlier, the wings of the 241py
curve obtained by radiochemistry are narrower than those obtained by mass spectrometry. .

1114 . . -

Declassified and Approved For Release 2013/01/22 : CIA-RDP10-02196R000400020006-3




!

Declassified and Approved For Release 2013/01/22 : CIA-RDP10-02196R000400020006-3

The probability of symmetrical fission for these systems can be compared by the 15Ca yield. / The
probability of symmetrical fission is almost twice as large for !Am as for 2!Pu. This may be,a conse-
guence of the fact that the contribution from fast-neutron fission is appreciably larger for *!Am tifan for
21py, and the fragment yield from symmetrical fission increases rapidly with increasing neutron’ energy.
The increased 115¢Cd yield for %! Am in comparison with 2 Pu can probably also be accounted for by the
different effect of resonance neutrons, As shown earlier the fission of the compound nucleus ?2Am occurs
mainly from higher spin states (I = 37), while the fission of the compound nucleus 242pu appears to occur
from lower spin states (I =27%), In the fission of compound nuclei with smaller angular momenta more neu-
trons are emitted on the average [25]. Thus in the fission of %! Pu 5Cd should be obtained from the heavier
primary masses which have lower yields. The 115Cd yield from the spontaneous fission of #2Cm is also
higher than that from the induced fission of 24!Pu. It should be noted, however, that the average number
of neutrons per fission is almost one smaller for %2Cm; i.e., 15Cd is farther from true symmetrical fis-
sion for 242Cm than for %4lpuy, :

The fine structure is.most evident in the spontaneous fission of 22Cm, and least evident in the fis-
sion of 2'pu, The position of the fine-structure peaks for these fissionable systems is almost the same
within +1 MU. Unfortunately the lack of experimental data on the yields of mass numbers 136, 137, 138,
and more than 140 does not permit the determination of the shape of the fragment yield curve for the spon-
taneous fission of 22Cm in these regions. Existing data indicate, however, that the position of the fine
structure for fissionable systems with A¢ = 242 is almost independent of Z and Egx and has.a period of ap-
proximately 5 MU, This is particularly noticeable for *!Am. This period agrees with that of the fine.
structure observed in the distribution of the yields of the primary masses. However, the effect of prompt
neutron emission is superimposed on the secondary fine structure.

The authors thank E, I. Biryukov for performing the measurements on the crystal y-ray spectro-
meter, and V. A. Yakovlev and E, 1. Vystorobskaya for the use of the scintillation y -ray spectrometer
and for help with the measurements,
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NUCL%}AR METHODS AND INSTRUMENTS FOR '
ENVIRbN’MENTAL POLLUTION MONITORING

L. M. Isakov and V. V. Matveev ' UDC 539.106

One of the most important problems in environment conservation is the organization of effective
pollution monitoring. - This is the first link in the chain of measures to be undertaken in order to prevent
the disturbance of ecological equilibrium.

The atomic industry has gained much experience in organizing radiation protectmn services and in
providing the necessary instrumentation. Because of the great attention given to the problém of radidtion
safety from the very beginning of atomic engineering, nuclear plants contribute very little to environmental
pollution [1]. Various methods and instruments for measuring radioactive isotopes in the air, soil, plants,
food, water, etc., have been developed both in the Soviet Union and abroad, and the organization of en-
vironmental radiation protection services is constantly being improved [2].

Nuclear methods of analysis (such as activation analysis and x-ray radiometric analysis) have been
developed and are being successfully used in environment monitoring [3]. These methods are widély used
in the Soviet Union for solving various ecological problems. However, the use of nuclear methods in large-
scale analysis is still limited.

Radiation pullution is only one of the many aspects of environmental pollution and occupies rather a
limited part in the overall problem of environmental control. Nevertheless, in view of the success of the
atomic industry in organizing radiation safety services in nuclear plants it is natural to consider the ques-
tion of taking advantage of this experience in comprehensive monitoring of the environment.

In considering the problem as a whole, one.should not forget that economical aspects of environmental
monitoring in many ways affect its effectiveness as the network of measuring stations can be made suf-
ficiently widespread only if the cost of equipment and operation is reasonable. At the present stage of in-
strumentation development only a systematic approach to the design of suitable equipment can ensure the
desirable results. Such an approach is now typical of nuclear instrument design. This approach calis for
gets of nuclear instruments of a unified circuit and structural design [4, 5]. The experience gained in
nuclear instrumentation can be used with advantage in the design of sets of unified instruments for en-
vironmental monitoring. Individual units and assemblies of nuclear instruments are versatile enough to
be used in monitoring the nonradiation characteristics of the environment, The applicability of nuclear
instrumentation to environmental pollution monitoring is the subject of this article,

Conmder the structure of a system for comprehensive environmental pollution monitoring which
takes into account the specific measuring problems involved (Fig: 1). The purpose of such monitoring is
the determination of deviations of environmental characteristics from normal conditions, prediction of
possible pollution, and the development of recommendations for controlling the discharge of various in-
dustrial wastes into the environment and for improving the operating conditions of ihdustrial enterprises.
In the diagram shown in Fig. 1 all the different kinds of pollution were divided into four major groups that
cover the atmOSphere hydI‘OSphere and earth surface.

The group including mechamcal pollutmn of the air and water is characterized by the content of -

- aerosols and mechanical particles and by suspended particles, respectively. Mechanical pollution of the
soil surface is chardcterized by changes in the elemental composition of the soil and rocks and corre-
sponds to the second pollution group consisting of disturbances of the elemental or chemical composition
of the environment, A separate group are. pollutions of a b1ologlcal nature which are characterized by the

Translated from Atomnaya Energxya Vol. 35, No. 6, pp- 417-422, December, 1973. Or1g1na1 ar-
ticle submitted May 21, 1973.

© 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011.
No' part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
_electronzc mechanical, photocopying, microfilming, recording or otherwise, without written permtssmn of the publisher. A
copy’ of thzs amcle is available from the publisher for $15 00.
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Fig. 1. Structure of comprehensive environmental pollution monitoring: 1) nuclear
instruments applicable without modification; 2) nuclear instruments require modifica-
tion; 3) individual units and assemblies of nuclear instruments applicable; 4) use of
nuclear instruments not advisable,

content of bacteria and bioorganisms in the environment, Obviously,of some specific nature is the group of
radioactive pollutions which is characterized by the content of radioactive isotopes in the tested object.

It should be noted that this classification includes only changes in material composition of the en-
vironment whereas a more general consideration should take into account also other factors that affect the
environment (violation of thermal equilibrium acoustical disturbances, etc.).

The determination of the extent of pollution belonging to any of the above classification groups must be
based on some specific measurable physicochemical parameter, Some such parameters are indicated in
Fig. 1. ‘

Instrumental methods based on the specific properties of these pararheters can be applied to en-
vironmental monitoring. The most important of these methods are briefly discussed below,

Photometric measurements are used in the determination of water and air turbidity and of water
chromaticity [6]. For example, according to the accepted methods, -the turbidity of water is characterized
by the content of SiO, found from the optical density of a water sample measured in a transmitted-light
photometer with a red filter. Water chromaticity is characterized by optical density at a wavelength near
the absorption peak. These measurements are made with a photometer or electrocolorimeter with the aid
of a set of filters each of which tramsmits a narrow band of the visible spectrum.

Photometric methods are also used for measuring the elemental and chemical pollution, The pol-
lution of air and water is most frequently determined by photocolorimetry [7] using either automatic or
manual instruments, Photocolorimetric methods can be used for the determination of the content of any
substance which has characteristic and sufficiently sensitive color reaction, The absorption of light trans-
mitted through a stained sample gives an indication of the content of element or substance being analyzed.
Photocolorimeters of various design are used as gas analyzers and water pollution monitors both in the
field and the laboratory. :

Various spectrometric methods are used for monitoring the pollution in environment samples (mostly .
under laboratory conditions); these methods are based on fluorescence spectra that characterize spon-
taneous or-induced luminescence of matter or on absorption spectra from which the content of individual
components of the sample can be determined [8]. Equipment for luminescence measurements includes light
sources, spectral instruments with recording devices for plotting excitation, absorption, fluorescence and
phosphorescence spectra, and various other auxiliary devices. The spectrometric method used, in par-
ticular, in atomic absorption analysis ‘makes it possible to determine the content of individual elements in
the amount of thousandths of a microgram per liter [9].
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Envirof;méntal pollution (especially of the hydrosphere) is frequently monitored wiﬁh instruments
pased on the use of ion sensitive electrodes [10]. '

\ Mass Spéétrometric instruments allow highly sensitive and selective determination of elemental and
chemical composition of environment samples; however, these instruments are quite elaborate and costly
and are used mostly in research practice.

Nuclear methods of elemental composition analysis are much faster and more sensitive than other
methods of analysis. However, modern activation analysis requires sophisticated and expensive instrumen-
tation. A much simpler and more versatile method is x-ray radiometry, although the need of high-intensity
radiation sources and difficulties in preparing the sample for analysis limit its usefulness in large-scale
environmental surveys. Other nuclear methods based on the interaction of ionizing radiations with matter
can also be used for elemental and phase analysis. One example is the v ~resonance method [11] used in the
determination of tin and iron. However, all these methods require rather specialized instruments and have
a limited Gse in large-scale environmental testing. ‘

A specific property of the environmené is the continuous presence of bacterid and other bioorganisms
which sometimes can act as a source of pollution, On the other hand, the state of certain bicorganisms
depends on the conditions of their surroundings and thus can to some extent characterize their immediate
environment. For example, a common procedure in sanitary hydrobiology is to determine the effect of
different substances discharged into water reservoirs on the quality of water from the conditions of bio-
logical systems [8]. . ~

Of the many instrumental methods of monitoring the content of bioorganisms in the environment, the
most promising are those based on the effect of bioluminescence, either spontaneous or induced, which can
be excited by various means [8, 12]. One such method is, for example, the method of automatic water

“monitoring based on changes in the luminescence spectrum [8]. In a recently developed method the dis- .
tribution of the biomass of heterotropic growing cells in the ocean is determined from the content of adeno-
sine triphosphate in biological processes [13]. ‘

Radioactive pollution of the environment is characterized by the content of radioactive isotopes. The
radiation of individual isotopes and the specific volumetric activity, which characterizes radioiSotopic de-
cay canserve as parameters for radiometric dosimetric and spectrometric measurements of radioactive
poliution of the environment:

Nuclear instrumentation design methods are now quite well advanced and can be successfully ap-
plied in the field of pollution measurements [2].

The need of recording very low levels of radioactive pollution has led to wideSpi'ead use of various
radiochemical and physicochemical methods of analysis (isotopic dilution, isotope concentration by means
of sorbents, extraction, chromatography, etc.), in radiometric measurements.

Nuclear instruments are widely used in environmental investigations with the aid of radioactive
tracers. These methods are employed, for example, in studies of circulation of air masses, and water
.currents in rivers and reservoirs making it possible to foresee possible environment pollution and ‘to
recommend proper control of the discharge of industrial wastes.

Radiometric instruments based on absorption of ionizing radiation are used also to measure siich
parameters as the content of dust in air [14]. .

As noted above, the present stage of development of nuclear instrumentation is characterized by a
systematic approach to instrument design. Such an approach requires a deep understanding of instrument
utilization and a definition of a set of optimal parametric instruments, units, and assemblies covering the
entire spectrum of measurements. This foresees extensive unification of instruments and the design of
basic fundamental units and assemblies of devices for nuclear measurements.

. The similar structure of radiometric, spectrometric, and dosimetric equipment makes it possible
to develop a common unified system of nuclear instruments for monitoring environmental pollution and
for elemental sample analysis. Since the problem of recording information provided by detectors of non-
radiation parameters involves, in accordance with the above structural scheme, measurement of currents
of the order of 10~12 A (ion-selective electrodes, pH meters, photometers) and the detection of light pulses
(in measurements of bio- and chemoluminescence), it is possible to use for this purpose circuits and com-
plete units similar to those used in nuclear research. On the other hand, radiation:poliution can be mea-
sured by devices and instruments used in nonradiation measurements. This approach is most desirable
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. Fig. 2. Scintillation detector for water , !
quality control: 1) scintillation detector; ~ -
2) lightproof cover; 3) test cell; 4)
photomultiplier; 5) luminous compound.

in developing a unified system of pollution measuring equibment.

Since many of the methods of nonradiation parameter measurements are in the final analysis based
on the measurement of light fluxes, suitable modification of scintillation detection devices based on photo-
multipliers can help to solve some measuring problems. For example, the role of radiometric instruments
based on scintillation counters in water quality control can be significantly broadened.

Figure 2 shows one possible version of such a detector, For specific volumetric activity measure-
ments a scintillation detector (scintillation granules, platelets fibers, or powder) are placed into the test .
cell. If the cell is covered by a lightproof cover (facing the liquid) coated with a Juminous compound mixed .
with a radioactive emitter, the compound will produce scintillations which can be counted with a photo-
multiplier. Absorption of scintillations as a result of photon interaction with particles suspended in water
is a measure of turbidity of the tested water sample. By varying the spectral composition of the scintilla-
tions (for example, using a light filter) and measuring the transmission of photons of definite wavelengths
through the analyzed medium one can also measure the chromaticity of water,

Such a detector can be used in photocolorimetric measurements which, as noted before, are most
widely used for monitoring the elemental and chemical composition of environment samples. The advan-
tages of such a detector are quite obvious. The light source, a luminous compound producing scintillations
under the action of radioactive emission, is very stable and does not consume energy which is of primary
importance in field measurements. Moreover, discrete measurements are as a rule more accurate than
analog measurements (employed in conventional photometers),

" Bioluminescence and chemoluminescence measurements used for monitoring biological pollution
and partially also in monitoring variations of the elemental and chemical composition are based on the
detection of weak light flashes emitted by the medium being analyzed. After satisfying certain specific
conditions, these measurements can be combined with the determination of the radioactivity of environ-
ment samples with the aid of scintillation detector units. Radiochemical measuring methods can sup-
plement purely chemical methods of monitoring the content of specific substances in samples, In particu-
lar, the radioisotope dilution method is successfully used for determining the abundance of certain non-
radioactive elements (for example, mercury [15]). :

Instrumental methods of radioactivity measurements based on preliminary isotopic enrichment can
be applied to the determination of nonradioactive impurities, For example, the sample selection and en-
richment devices used in radiometric aerosol and liguid measuring instruments can be used also for non-.
radioactive pollution measurements (e.g., in automatic photocolorimetric gas analyzers) in which the
reagent' providing the color reaction is deposited on paper or cloth tape.

In monitoring atmospheric pollution the samples are taken as a rule by aspiration, i.e., suction
through absorption filters. Sampling devices used in aerosol and gas radiometers are suitable for these
purposes,

The widening scope of nuclear instrumentation in pollution monitoring systems has changed the ap-
proach to the application of nuclear methods of sample analysis, as the spectrometric and radiometric in-
formation recording and processing devices used in analysis must be considered in terms of broad ap-
plication possibilities (including the measurement of radioactive as well as nonradioactive pollution param-
eters). In applying nuclear methods of sample analysis one has to consider the addition of only certain
auxiliary devices (irradiation devices, sample preparation and positioning devices) which makes the ap-
plication of nuclear methods relatively less costly.

An inmportant aspect of monitoring is also the problem of optimal acquisition and processing of in-

- formation provided by pollution control devices. The experience of nuclear instrumentation design can be
useful also here. Nuclear instrumentation includes devices for continuous automatic measurements, port-
able devices for field surveys, as well as laboratory instruments for comprehensive detailed analyses. The
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/ 1arge volume of data provided by these instruments can be brought together in a single central system for
operational momtormg of the overall radiation situation.

With some mod1f1cat10n such information processmg systems designed for nuciear research can be

succéssfully used in comprehensive monitoring of environmental pollution. An example of such a system is
the multichannel telemetering system [4] which allows remote monitoring of radiation and transmits the
measuring results through 99 radiochannels. The information provided by remote sensors is collected
either automatically or manually by interrogation from a central control board. The information is re-
corded on an electroluminescent display panel and on digital printer tape, '

Thus, even a brief discussion of the subject indicates that nuclear methods and instruments can be

effectively used in the organization of environmental pollution monitoring.

10.
11,
12,
13.
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15,
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OPTIMAL DISTRIBUTION OF NUCLEAR FUEL : ;

IN A CYLINDRICAL FUEL ELEMENT X

Yu. V. Milovanov, E. E. Petrov, UDC 621.039.617.5
and V. Ya. Pupko -

In {1] using the Pontryagin maximum principle [2] the problem of the optimal distribution of nuclear
fuel in a laminated fuel element was solved for the reduction of the temperature drop in it. In the present
article we solve a similar problem for a cylindrical fuel element,

The functional that describes the temperature drop in a cylindrical fuel element with arbitrary drop
in a cylindrical fuel element with arbitrary distribution of concentration of fuel £ (r) has the form

Ve(p)p'dp’

0
1§
AR2 0
A== g pT—Be )] 9 D

where p =r/R is the dimensionless radius of the fuel elerrient; Am is the thermal conductivity of the matrix;
B =1-—Af/ Ay (Af is the thermal conductivity of the fuel); A is a coefficient of proportionality in the as- -
sumed linear dependence g, (r) = Ae(r) between the heat release and the concentration of the fuel. It is
assumed that the thermal conductivity of the mixture of the matrix and the fuel has an additive character:
Ar) = A —(Am—ApE(D).

1 ‘ .
Taking € =2'S_a(p')p'dp'; p =1/t (owing to the divergence of the factor 1/p in Eq. (1)); x*(t)
] .

t
:’S__[‘;‘ﬂm, xi) = Su(t - and e(1/t) = u(t), we obtain, instead of the functional, thesystem of equa-
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i
tions _
de0  Zl() . dal  u(p)
@ T t—Bun]’ a8 : : (2)
&lp
s
0,03 Fig. 1. Optimal distribution of concen-
561~ tration of fuel over the radius of the
: 02 fuel element for € = 0.8 for various val-
g4t 03 » ues of Ag/ Ay,
N
a2t n
. ! I I
0 02 0% g [T

Translated from Atomnaya f«]nergiya, Vol. 35, No. 6, pp. 423-425, December, 1973. Original ar-
ticle submitted October 27, 1972; abstract submitted August 8, 1973.
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with boundar y conditions x%(1) = 0; x}(t) =£/2; x!() = 0. Interms of the work [2] for the solution of the
problem we must find a control u(t) such that we obtain a minimum value of the phase coordinate xy(~). The
problem is nonautonomous, with fixed ends and time.

In accordance with the theorem on the maximum principle we construct an auxiliary function

1
H=Yo () =1 ) 35 -

In order to find the optimal process [u, ®°, x!] we need the following solution of the system:

d¥, _oH 4%, __ oH : 5
dt 920 ' dt 9zt ] - 3

for the functions ¥, and ¥, so that at each point t of the interval [1, «] the condition of the maximum
Sup H (W, Uy, 21, v, ) =H (¥y, ¥y, 71, u, £) ' (4)

| o<esiy
is satisfied, where the interval [0, 1] is the region of admissible controls.

In the analysis of the derivative 8H/8u together with condition @) we establish that at the center of the
fuel element there is always an interval [0, pg], where the fuelis completely absent, and at the point p, the
control varies in a jump for As/Ay =< 0.5 by an amount 1/2B, and for Ag/Ap > 0.5 by 1 (generally for these
values of At/ Ay, the control takes two boundary values: 0 and 1). For Af/Am =< 0.5 the function u(t) is
found by the method of successive apprommanons dpplied to the ‘systems (2) and @). ‘Figure 1 shows how
the variation in optimal distributioh of the fuel along the radius of the fuel element depends on the values
of At/ Am. "

In the article we present solutions of the problem for the ent1re range of parameters € and At/ Am
It is shown that the reduction of the temperature drop AT for optimization of €(r) can be considerable.
Thus, for € = 0.3 and Af/Ap = 0.03-0.1, it is about 50%.
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INTERACTION OF THORIUM TETRACHLORIDE WITH
CHLORIDES OF THE ALKALI METALS

A. N. Vokhmyakov, V. N. Desyatnik, o ~ UDC 541.126.2
and N. N, Kurbatov ' -

To determine the possibility of using alkali metal chlorides with thorium tefrachloride as electrolytes
in the production of thorium, as well as the behavior of thorium tetrachloride in molten alkali chlomdes
_the binary systems MeCl—ThCl, (where Me represents Li, Na, K, Rb, and Cs) were studied.

. The fusibility of the systems was studied by differential thermal analysis. As a result of the hlghly
hygroscopic character of thorium tetrachloride and the number of alkali metal chlorides, the experiments
were conducted in an atmosphere of argon. As a result it was established that thorium tetrachloride inter-
acts with lithium chloride, forming the compound 4LiCl- ThCly, which melts incongruently at 450 £ 2°C,
and a eutectic with composmon 38 mole % ThCl, with mp 408 + 2°C,

Origihal article submitted February 23, 1973.
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Thorium tetrachloride with sodium chloride forms the compound 2NaCl - ThCl,, which melts con-
gruently at 435 = 2°C, and two eutectics. The eutectics formed by sodium chloride and by the compound
2NaCl - ThCl, correspond to the composition 26.5 mole ¥ ThCI4 at 360 + 2°C. The eutectic formed by the
compound 2NaCl- ThCl, and by thorium tetrachloride melts at 375 + 2°C and contains 45 mole % ThCl,.

In the interaction of thorium tetrachloride with potassium chloride, two compounds 2KC1- ThCl, and KCl

» ThCly, which melt congruently at 705.+ 2 and 430 + 2°C, and three eutectics with the compositions 25,
42, and 54 mole 9% ThCl, with mp 630 = 2, 395 + 2, and 420 = 2°C, respectively, are formed, In the
binary system RbCl—-ThCl,, two incongruently melting compounds 2RbCl - ThCl, and RbCl- ThCl, were
established at 710 = 2 and 495 + 2°C, and three eutectics with compositions 16, 44, and 58 mole % ThCl,,
. with mp 625 + 2, 410 + 2, and 435 = 2°C. Correspondingly, thorium tetrachloride interacts with cesium
chloride, forming two compounds 2CsCl- ThCl, and 3CsCl-2ThCl, and two eutectics. The compound 2CsCl
- ThCl, melts congruently at 710 + 2°C, 3CsCl-2ThCl, incongruently at 567 + 2°C. The eutectic formed
by cesium chloride and by the compound 2CsCl- ThCl, melts at 576 + 2°C and corresponds to the composi-
tion 19 mole % ThCl,. The eutectic formed by the compound 3CsCl-2ThCl; and thorium tetrachloride con-
tains 60 mole % ThCl, at 460 + 2°C. Since the radius of the alkali metal cation influences the stability of
the chemical compound 2MeCl - ThCl, (where Me represents Na, K, Rb, and Cs), the transition from
lithium to cesium is accompanied by a complication of the fusibility dlagrams The data obtained are com-
pared with those published previously.

TRIPLE BACK-SCATTERING (REFLECTION) OF ELECTRONS
IN THE USE OF ®0sr _ 80y, t44ce —144pPr, AND
106Ry — 106Rh B-SOURCES '

L. M. Boyarshinov | ' UDC 539.124:539.121.72

In the study presented here we investigated how the characteristics of triﬁle reflection of electrons
‘vary with the maximum energy of a 8-source in the 0.765-3.53 MeV range.

The measurements were carried out by the method described in [1]. Attenuation curves for targets’
made of six different elements were plotted with the Sr —%%y source, and curves for a lead target were
plotted with the 144ce —14pr and 1%Ru—!%Rh sources. All the curves except the one for aluminum exhibited
break-points, which in the case of measurements made with 2Tl [2] had been observed only with heavy-
element targets. It is assumed that these break-points were due to the superposition of triply reflected
' electrons on the flux, and even of electrons which had

2000

been reflected five or seven times, which also occur
5 1000 in this apparatus. In Fig. 1 we show the attenuation
£ curve obtained with a 1%Ru—!%Rh source; the curve
k! is graphically subdivided [3] into the attenuation
2 curves for electrons emitted by the %Rh which have
- been reflected three, five, and seven times. In the
’000 T Ry TR —T case of the other sources, we can distinguish only the
d, mg/cm® attenuation curves for the triply reflected electrons
Fig. 1. Curves showing the attenuation of the ‘emitted by the daughter isotopes (**y, #Ppr) and the
intensity of electrons scattered three (a), five curve of attenuation of the soft component, which is
(b), and seven (c) times in aluminum filters interpreted by superimposing the curve on the spec-
of thickness d (the vertical scale is loga- trum of electrons reflected five times and seven
rithmic; the source used was 19%Ru—106Rh), times (emitted by the daughter isotopes) and also the

Original article submitted April 4, 1973.
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triply reflected electrons emitted by the soft mother isotopes (%S, 144Ce).

The intensity I (after subtraction of the soft component) of the triply reflected electrons emitted by
the isotope °°Y varied with Z, the atomic number of the target, in the same way as in the case of single
reflection of electrons [4]; the relation can be satisfactorily described by a power function

Iy=Azn, . » : (1)

where A is a constant which depends only on the measurement geometry and on the power of the source.
The exponent n varies between 2.29 and 3.04 for filters ranging from 9 mg/cm? (air layer) to 50 mg/cm? _
in thickness. Formula (1) is also applicable to the total intensity and the soft component. (For the total
intensity the exponent n varies from 2.56 to 3.04 as the filter thickness varies from 9 to 50 mg/cm?; for
“the soft component the exponent n va.mes from 2.94 to 3.50 as the filter tluckness varies from 9 to 14 mg
/cm?.)

The variation of the maximum energy (E; and E;) of the triply and quintuply reflected electrons,
ascertained by the absorpuon method [3], as a function of the maximum energy E, of the source and the
atomic number Z of the target can be expressed as follows:

E3=0.056Z0-45E; . (2)
E5=0,0064Z0.72E, : ' (3)

- We studied the variation in the characteristics of the triple reflection as a function of the B-source
energy.
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CALCULATION OF GREULING - GOERTZEL ELASTIC
'SLOWING-DOWN PARAMETERS FOR ANISOTROPIC
HIGH ENERGY SCATTERING

V. N. Gurin - ' | - UDC 621.039.51

An algorithm for a detailed 250-group calculation of a fast neutron spectrum at high energies (above
1 keV), in which anisotropic, elastic slowing down by neutrons is treated within the confines of the Greuling
—Goertzel approximation, is proposed in [1]. In this algorithm, the anisotropy in the angular distribution
of elastically scattered neutrons is taken into consideration for each isotope in terms of the average scat-
tering angle and the energy-dependent Greuling —Goertzel elastic slowing-down parameters ¢ and Ag. Prob-
lems involving the calculation of the elastic slowing-down parameters are considered in [2]. Further-
more, the results of the calculations of £ (E) and A (E) for 160 are also given in [3]. However, this kind of -
data for other important moderators is lacking in the literature. In this paper, this omission is partially
remedied. Equations are proposed for calculating the elastic slowing-down parameters associated with an
arbitrary elastic scattering law. The results of calculanng £ (E) and AO(E) for 12¢, 160, and 23Na in the 1
keV to 10 MeV energy range are given,

Original article submitted April 19, 1973.
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LETTERS TO THE EDITOR

A POLYTETRAFLUOROETHYLENE CHEMICAL DOSIMETER

B. K. Pasal'skii, V. A. Vonsyatskii, - UDC 53.07/08:53.001.5
Ya. I. Lavrentovich, and A. M. Kabakchi )

The action of ionizing radiation on-polytetrafluoroethylene (PTFE) has been investigated in {1, 2].
It was shown that radicals which are stable at room temperature are produced in the irradiated polymer.
. This property has been.used for determining absorbed doses of y-rays and electrons [3-5].

In the study reported here, in order to expand the possibilities for using PTFE in chemical dosi-
metry, we investigated the influence of parameters, of the type of radiation acting on the PTFE, and of
various other factors on the character and degree of radical formatmn in this polymer.

. We used PTFE (d =2.19 g/cm?, degree of crystallinity 60%)inthe form of films 40 p, 100 p, and
200 p thiek which were irradiated w1th v -quanta from %°Co, electrons (0.23 MeV and 1 MeV), protons (5.7
MeV), deuterons (13 MeV), and a-particles (23 MeV),* which enabled us to vary the LET from ~0.2 to 55

keV/p. The procedures used in the irradiation and in determining the absorbed energy are described in
' [6]. The irradiation was carried out in a vacuum (10-3-10-% torr) and in air at dose rates ranging from
0.4 to 20 krad/sec and specimen temperatures not exceeding 50°C.

The ESR spectra of the radicals were recorded on an RE-1301 radiospectrometer, The standard
-used was a single crystal of CuCl, - 2H,0; the number of unpaired electrons in the crystal was determined
more accurately by the method described in [7]. After theirradiation we recorded chiefly the ESR spec-
tra of the peroxide radicals, which formed an asymmetric singlet. The shape of the ESR spectra remained
uncha.nged when. the PTFE was 1rrad1ated with heavy charged particles,

We found that the concentration of the radicals increased linearly with the dose in the range from
0.5 to 80 Mrad (Fig. 1). The values of the radiation yield of radicals after exposure to various kinds of
ionizing radiation are shown in Table 1. .

R-10%, g-! . It can be seen from Table 1 that as the LET in-
70 creases by more than two order of magnitude, the yield
sl of radicals remains almost unchanged. It may be assumed
25| -

! *Irradiation with heavy charged particles was carried out
01 on the cyclotron of the Nuclear Research Institute of the
sl Academy of Sciences of the Ukrainian SSR.

o - TABLE 1. Radiation Yield of Peroxide
- : ' ' Radicals in Irradiated PTFE

[ H N ! i |
0 w20 30 40 50 60 70 &0

- . . Radiation
Dose, Mrad ) Type of radiation Energy, |LETw, yield, 1/100
Fig. 1. Concentration of peroxide radi- : Mev  keV/k [y

-cals as a function of dose upon exposure

to: 8Co v -rays (O); protons (x); and y-

%0Co gamma rays 1,25 0,2 0,070,014

particles (A). 8 B ' N
. Protons 5,7 14 0,07+4-0,02
Alpha particles ' 23,0 55 0,07+-0,01

Translated from Atomnaya Energ1ya Vol. 35, No. 6, pp. 427-428, December, 1973. Original letter
submitted October 11, 1972. revision submitted May 21,1973,

01974 Consullants ‘Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011.
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electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A
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Fig, 2. Distribution of absorbed doses as a function of the thickness of a pack of PTFE
films irradiated with electrons having energies of 0.23 MeV (1) and 1 MeV (@2).

Fig. 3. Distribution of absorbed doses in packs of PTFE films irradiated with y-par-
ticles (1) and neutrons (2).

“that the track effects do not have any influence on the rate of éccumulation of radicals when PTFE is ir-
radiated; this is apparently because the energy is absorbed umformly throughout the entire irradiated vol-
ume,

The concentration of radicals remains unchanged when the specimens are stored for 20 days at room
temperature, ‘and after 55 days the concentration decreases by only 10%. When the temperature is raised
to 70°C, the concentration of radicals remains constant, and only at 150-200°C do the radicals die at an
appreciably rapid rate, The values we obtained for the effective energy of activation of the process of
death of the radicals in the 160-250°C range were 13 kcal/mole for the amorphous phase of the polymer
and 29 kecal/mole for the crystalline phase, which agrees with the data of [2].

Special tests showed that the radiation yield of radicals was unaffected by the oxygen in the air and
by variation of the dose rate from 0.4 to 20 krad/sec; it also remaijned constant when films of different
thickness were irradiated.

Thus, in its dosimetric characteristics PTFE satisfies fairly well the requirements for a chemical
dosimeter. The fact that the radiation yield of radicals remains unchanged when the LET and dose rate
are varied over wide ranges suggests that PTFE can be used for determining not only absorbed doses of

v-rays and electrons but also absorbed doses of heavy charged particles. No special calibration of the
dosimeter is necessary; this is an advantage over alanine dosimeters [8, 9], for which the rate of accumu-
lation of radicals was found to depend substantially on the LET,

The absorbed dose in the interval from 0.5 to 80 Mrad can be calculated by the following formula:
=2.306-10-17.R],
where [R] represents the concentration of peroxide radicals per gram,

By usmg PTFE films of different thicknesses, we can determine (to within several microns) the
spatial distribution of absorbed doses of charged parucles in the 1ayers We obtained curves showing the
distribution of ‘absorbed doses (Figs. 2, 3) as a function of the depth of the irradiated material for the case
of beams of electrons (0.23 MeV and 1 MeV), deuterons (13 MeV), and o-particles (23 MeV). It can be
seen from the figures that the dose reaches a maximum at the beginning of the frajectory in the case of
electrons and at the end of the trajectory in the case of heavy charged particles.

It should be noted that the range of doses measurable with a PTFE dosimeter can be considerably
expanded, For example, the sensitivity of the dosimeter is multiplied more than a hundredfold when the.
concentration of radicals is measured in large specimen weights with highly sensitive spectrometers,
Using a PTFE dosimeter, we can determine doses for values above 100 Mrad; however, in this region,
as the present study shows, the rate of radical formation is no longer a linear function of the absorbed
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energy. Ursing PTFE in the form of a powder or very thin films, we can determine the absorbed dose and

. the extrapolated paths of low-energy charged particles. For radiation dosimetry we can use PTFE of a

different degree of crystallinity from the one investigated in the present study, since accordmg to [1, 2],
the initial concentration of radicals in the irradiated polymer is independent of the degree of crystallinity.

The relative error in the determination of the absorbed dose by means of a PTFE dosimeter in the
0.5-80 Mrad range is about 10-15%. In some cases the measurements can be made considerably more ac-
curate,
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ANALYTIC DETERMINATION OF SUBGROUP PARAMETERS

V. V. Sinitsa and M. N, Nikolaev - v UDC 539.125.52:621.039.51.12

The method of subgroups [1] is at present the most effective way of calculating neutron resonance
fields in heterogeneous systems in a region where an approximation by narrow resonances is applicable,
i.e., in a region of low-lying, broad and intermediate resonances, the calculations can be performed by
an alternative method, which takes into account the detailed structure of the cross sections. A subgroup
is defined as a set of a given group of neutrons having similar total cross sections and characterized by
the fraction of the subgroup in the group and by the subgroup total and partial cross sections. Until now,
the subgroup parameters were determined using the method of least squares [2, 3], which, as a result of
the nonlinearity of the problem, required a large expenditure of computer time and resulted in a distor-
tion of significant average characteristics. The method under discussion here ensures exact conservation
of the most important moments of the cross sections and is much simpler from the calculational point of
view, ' :

1t follows from [4] that for an accurate calculation of the constants for the P;-approximation in a
medium consisting only of the isotope under consideration (i.e., when the resonance self-screening is
especially great), it is sufficient to calculate the cross-section moments (ox), (0x/0), a/ay, (1/0%.
In order to take into account the effect of the self-screening on the concentration of the isotope in the
medium, one must also define the moments (oyx/ o?) ete. and (oxo) etc. for high and low concentrations,
respectively. '

Let us utilize as the fundamental conserved quantities the . cross-section moments:

. Ea2 g .
eom={ o @ o o i [ owar, (1)
Ey K £

where o (E), ox(E) are the total and partial cross sections; ¢ (E) is the neutron spectrum; E,, E, are the
limits of the group interval. The quantities (oxan) can be obtained from the detailed energy dependence
of the cross sections, by means of the parameters for the allowed resonances [5], from experimentally
determined transmission functions [6], or calculated using the average resonance parameters [7]. The
problem involves approximating by subgroup parameters the moment sequences:

N
(06:0m)= ) 8i0xi07, =0, =1, +2, ...;
=1

z=1,2, ..., M, @
where N is the number of subgroups in the group interval [Ey, E,]; aj is the fraction of the subgroup iin
this interval; oy, oy are the subgroup total and partial cross sections.

Let us introduce the basis moments tj(a) in the following manner:

M M
th (@)= ¥ @x(0:0M); x>0, M oy=1 (3)
x=1 x=1 .
The sequence of basis moments is positive for every position of the vector a (since ox(E) > 0 [8]); hence,
one can represent uniquely the finite subsequence {tn(“)}ﬁifrfiN_l' consisting of 2N elements [9], in the
form : -

Translated from Atomnaya Energiya, Vol. 35, No. 6, pp. 429-430, December, 1973. Original letter
submitted December 6, 1972.

<
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. N
ot (@)= ) b; (0) A7 (a),
i=1

_ (4)
n=ng, ng-+1, ..., ny2N—1,

where bj (@) > 0; Aj(a) are real and distinct for every . The values of Aj (@) are roots of the polynomial

N

Py (@, W=} 5 (@) M, ' (5)
R=0

whose coefficients depend on @ and are determined from the System of linear equations:

N-1

D) thes (@) znt Ly (@) =0;
k=0 K

ZN=1, ]‘:ni, ﬂ1+1, ey n‘—{—N—i. ’ (6)

One can show that if o (E) > 0, the roots of the polynomial PNla, A) are strictly positive for every a [8].
We shall take the subgroup total cross sections 0j = M{ay) for some as yet arbitrary a = a,. Let us select
equations from the system (2) for every x corresponding to an N and let us substitute the already known
o into'them, We shall obtain M systems of linear equations in the unknowns ajoy;. We shall determine

M .
from these equations, using the physically manifest condition 0j = > Oxj, the subgroup fractions and the
. x=1 .

partial cross sections: )
M .
a= ) (ai0x1)/0;, Oi=(ai0y;)/a. : (7)
x=1

The subgroup parameters obtained in this manner for N subgroups conserve exactly N cross-sec-
tion moments for each reaction x, notably, those moments which entered into the system of equations for
determining the ajo ;. We shall calculate the rest-of the moments using the parameters found, It can be
shown that the accuracy of the reduction in the moments is unsatisfactory for certain reactions, i.e., the
structure of the cross sections is reflected in insufficient detail. As a consequence of this, the quantities
aj0xj can be negative, resulting in negative parameters, which do not have a physical meaning, At the
same time, for each reaction x', there certainly exists an @; (ax =0, X # X'; ax1 = 1), for which aiox
> 0 for every i [see (3), )], but the number of cross-section moments accurately reduced for a given
reaction x' is a maximum equal to 2N. This indicates a possibility for formulating the problem of the
search for a vector ay, which would satisfy to the maximum the requirements of accuracy in the reduc-

_ tion of the moments and the positiveness of the subgroup parameters, Generally speaking, one can simul-
taneously satisfy these two requirements, when the functions 0% (E) behave in an arbitrai'y manner, only
for a sufficiently large number of subgroups N. With an increase in N, the roots A;j(a,) of the polynomial
become all the less sensitive to the choice of @, and the number of moments accurately reduced ap-~
proaches the maximum possible value 2MN for a given number of subgroups. At the same time, all of the
subgroup parameters will certainly be positive, '

»>Let us assume as a zeroth approximation the vector @, whose components are all equal: ayx =1/M;

x=1,2,..., M. Inthis case, the 2N total cross-section moments (an) are conserved exactly (since

. M M '

c@®)= 3 ox®E), (o) = M (axan—1>), and even for a minimum number of subgroups (N = 2), it is’
x=1 x=1 - .

possible to conserve exactly all of the most significant cross-section moments: (0x), (0x/D, (1/o), (1
/ 02) . If the subgroup parameters for N =2 do not satisfy the requirements of positiveness and the ac- .
curacy of the reduction in the moments {0,/ 02) » (0x0), one must pass to a large number of subgroups.
The upper limit N* of the number of subgroups is determined by the number of moments whose conserva-
tion must be guaranteed by the given system of subgroup constants. One can show that for N = N1, the
structure of the cross sections is, nevertheless, reflected in insufficient detail; for example, not all of
the ajo 4 are positive. In this case, one should utilize the possibilities implied by the selection of the
vector ¢. Let us assume that for some reaction x!, ajox < 0. Increasing the corresponding component

M.
axt (at the same time, one should reduce ail of the remaining components so that the condition D og =1

x=1

. should not be violated), one can make all of the ajox positive for a given reaction x'. Obviously, for N
= N', it is also advisable to minimize by means of ¢ the error in the reduction of bordering moments,
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Finally, let us discuss the problems concerning the selection of n; (the minimum order of the basis
moments inthe subsequence {t (@) }) and the system of linear equations for the determination of aioxi.
When N =2, it is advisable to take n, = -2 since, 'in this case, the moments necessary for the calculation
of the coefficient of diffusion and the group-averaged, blocked cross sections for a homogeneous medium of

- the isotope under consideration are conserved exactly. The quantities g jo4; must be determined from

equations involving moments with n :'v—l and n = 0, which guarantees accordingly the exact normahzatmn

of the probability ( 2 (ox/0) = 2, aj = 1) and the conservatmn of the average cross section.. If N =3,

the choice of n; = —3 and the inclusion of an equation with the moment (o4/ o%) permits one to take into
account more precisely the dependence of the group-averaged coefficient of diffusion and the reaction cross
sections on the isotope concentration in the medium. If N = 4, n, should equal —4 and the moment (cx0)
should be introduced into the system of equations. This choice provides a possibility for varying the vec-
tor ¢ since the exact conservation of all of the most significant moments is already guaranteed.

With the derivation of the subgroup constants for neutron cross sections, at least up to the present
time, one succeeded in guaranteeing the positiveness of the subgroup parameters and reasonable accuracy
for a reduction in the bordering moments when the number of subgroups does not exceed four.

The selection of moments and equations described is directed towards obtaining the subgroup con-
stants intended for the calculation of neutron diffusion in media. For other purposes (for example, ap-
proximations of transmission functions by an exponential sum), this choice can be different. The algo-

‘rithm for obtamlng the subgroup parameters is achieved by a program written in the ALGOL-60 language.’

A combination with a series of programs, which calculate the moments from the detailed behavior of the
cross sections, the parameters for the allowed resonances, and the average resonance parameters, is
accomplished.
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RADIATION LOOP WITH ACTIVITY GENERATOR MADE
OF FLAT TUBULAR ELEMENTS: IRT REACTOR OF
THE TOMSK POLYTECHNIC INSTITUTE

E. P. Gefsxmansku, S. A, Kuznetsov, . o UDC 621.029.573
Yu. G. Kulagin, E, 8, Sakharov, )
A. G. Skorikov, and I.. P. Chuchalin

It is generally acknowledged that the efficiency of absorber is higher in homogeneous absorber —mod-
erator systems than in heterogeneous ones, because of the reduced self-shielding of the absorber nuclei
and because of the increased values of the resonancé integral. By extending this phenomenon to the activity
generator in radiation loops, we can manage to set up quasihomogeneous systems of alternating layers
of absorber working material and moderator in those systems so as to substantially raise the efficiency of
_ the expensive y-carrier and to obtain power parameters of the radiation loop which would be an improve-

‘ment over the parameters obtained in loops with modular generators [1]. Startingin 1967, anindium—gal-
lium —tin radiation loop in which a two-layer activity generator is used [2] has been in operation at the
IRT reactor of Tomsk Polytechnic Institute. Even though the two-layer system fails to provide such a high
degree of homogenization of the y-carrier and moderator as would be expected when a larger number of
layers is relied upon, nevertheless the parameters of the radiation loop with the two-layer activity
generator are substantially higher than in a similar radiation loop with a.one-layer system [3]. A radia-
tion loop with a four-layer activity generator proved even more efficient [4]. The concept of quasihomo-
geneous act1v1ty generator systems using tubular elements of y-carrier has also been dealt with in [5-6].

The Tomsk Polytechnic Institute (TPI) two-layer generator was replaced in 1970 by a multilayer
activity generator consisting of flat tubular elements. This loop has been in constant service since 1971.
Figure la shows a cartogram of the core loading pattern responsible for the loop charactemstlcs cited
below, and Fig. 1b shows the flowsheet of the rad1at10n loop.

The new activity generator (Fig. 2) also makes it possible to attain a still higher degree of "homog-
enization" of the absorber in the moderator medium, so that a higher vy -radiation dose rate is obtained
with a smaller volume of y-carrier (1350 cm® as against 1550 cm?® in [2]). The generator coil, formed
by 22 flat elements (500 mm in length, 62 mm in width, 2 mm in thickness; volume of v -carrier in an
element 61.5 cm?) lying perpendicular to the face of the core and pitched 22 mm apart on the average are
placed within an enclosure with an independent cooling system. When the reactor is operated at normal
‘levels @ to 3 MW), there is no need for forced cooling, and water inside the cooling enclosure mixes by
convection with the reactor pool water.

The decrease in the reactivity margin due to the operation of the loop is not greater than 0.08%, and
that is accounted for by the low concentration of absorber nuclei (in turn due to the geometry of the layers)
in the layers of reflector close to the core.

The elements comprising the generator are arranged in series. A parallel arrangement is deemed
infeasible, since high circulation rates would have to be maintained in that case in order to attain the loop
power rating, and as a way of averting stagnation (or excessive holdback) of y-carrier in separate parallel
branches as a result of the hydraulic differences and incongruities between the elements.

Changes in the- arrangement concern mainly the y-carrier receptacle. It no longer part101pates
directly in the circulation flow conditions, but functions only as a storage for the y-carrier when the

_ Translated from Atomnaya Energiya, Vol. 35, No. 6, pp. 430-432, December, 1973. Original letter
submitted December 6, 1972.

© 1974 Consulmnts Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011.
No part o[ this publwatwn may be reproduced, stored in a retrieval system, or transniitted, in any form or by any means,
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A
“copy of this article is available from the publisher for §15.00.
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Fig. 1. Working loading of core (a) and flowsheet of radiation loop (b) llght hatching denotes beryl-

lium; heavier hatching denotes fuel; 1) core; 2) activity generator; 3) mobile irradiator; 4, 13)

magnetic flowmeters; 5, 9, 12) electromagnetically actuated valves; 6) level gage with bellows-

actuated differential-transformer sensor; 7) LT-2 tube; 8) storage tank; 10) expander; 11) electro-
magnetic conductive pump; 14) filter.

Fig. 2. Activity generator consisting of flat tubular elements: 1) shlelded enclosure; 2) coil; 3)
thermocouples; 4) piping; 5) core.

. reactor is shut down, or when the loop ceases operating. Consequently, it can contain whatever required
amount of y -carrier for irradiators of different volumes. When the loop is being filled, exactly as much
alloy as needed to fill all'the loop subassemblies is taken from the storage receptacle. This layout and ar-
rangement for connecting the storage receptacle greatly simplified the job of replacing the irradiators:
alloy does not have to be loaded in full - (or conversely, does not have to be totally removed from the loop)
in order to retain the minimum "destructive™ volume. All thé valves in the loop are actuated electromag-
netically and controlled remotely. The irradiator can be moved about and can be enclosed in a shielded
cave. The loop incorporates the filtration ducting, which functions as needed and facilitates cleaning the
alloy stream periodically on a filter charged with Raschig porcelain rings.

Radiation Loop Performance Data

Activity generated, .. . .. ...... . .citiurnnnnie. 6:10% g-eq/ MW
Volume y-carrier ingenerator. .. .............. - 1350 cm3
Volume y-carrier in irradiator. . . .. ........ e 2400 cm?
Total volume y-carrier inloop. . v v v v v v v v v v ee v ) 4400 cm®
Activity inirradiator. . . ... ...t it it 3.3-10% g-eq/ MW
- Irradiator dimensions: S

height. .. .....vov i, s e e : 400 mm

inner diameter. . .................. e 78 mm

‘outer diameter. ........ .. .. 0. Ce et e e 118 mm
Dose rate at center of 1rrad1ator ................. 750 R/sec: MW
Loop working y-carrier flowrate, . . ... ........ ... 5 cm?/ sec
Peak temperature in generator (at reactor output level

SMW) . vttt et e e e e e e . 75°C

Consequently, the facility now in service differs essentially from its precursor both in power output
and’in the simpler layout. The increase in loop power output combined with a simultaneous reduction in
the amount of y -carrier made it possible to have a high-intensity vy -field while expanding the range of re-
search facilitated by the arrangement, particularly in the domain of radiation physics.
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MUTUAL SCREENING OF vy -CARRIER LLAYERS IN
MULTILAYER RADIATION-CONTOUR-ACTIVITY GENERATORS

E. S. Sakharov and I. P. Chuchalin ' | UDC 621.039.573:621,039.553

At present in constructing radiation contours more and more use is being made of multilayer activity
generators in which individual vy -carrier layers alternate with moderator layers [1, 2]. In connection with
this, attempts are being made to study experimentally processes of activity generation by reactor neutron
fields in such multilayer compositions [3]. ‘

If one defines the mutual-screening coefficient of the vy -carrier layers in the absorber —moderator
system as the ratio of the average layer activity in the multilayer composition to the average activity of a
layer when the others are absent, then

f =

-ms

)

A e
YIS
where A, ¢ are the average umt activity and the average activation-neutron flux in the y -carrier layers

located in the multilayer generator; Ag and ¢g are the average unit activity and the average activation-
neutron flux in the case of a single layer in the same moderator and neutron field.

Knowmg fms, one cancalculatethe value of the generated act1v1ty in multllayer generators:
ga - q)‘)Zact ga ﬁms

where ¢, is the average unperturbed flux in the activation zone; X act is the y -carrier activation cross
section; Vg, is the y-carrier volume in a multilayer activity generator; f is the perturbation factor for a
single layer; f o is the mutual-screening coefficient of the layers.

At the Tomsk Polytechnic Institute's Scientific-Research Institute on Nuclear Physics, Electronics,
and Automation, experimental studies have been conducted on determining the mutual-screening coefficient
of indium layers having various'zad (25 is the absorption cross section; d is the layer thickness) in water
in two-, three-, and mult11ayer act1v1ty -generator models with various spacing between layers in a ther-
mal neutron field.

Water was chosen as the moderator for ease in conductmg the experiments, which were done on the
-swimming-pool type IRT research reactor [4]. The results can obviously be transferred with small er-
rors to other moderators by taking their scattering and absorbing propert1es into account, - '

The two-, three~, and multilayer activity-generator model assembhes were plastic cells f1xed to the
end of a rod. Inside, indium foils, 100 mm in diameter with thickness »,d =0.10-1.1, were placed on 2-
mm thick plastic backings from 0 to 30 mm apart (Fig. 1a, b). The rod with cell was 1owered into the
reactor pool and positioned with constant geometry over the core, The irradiation zone was chosen with
primarily thermal neutrons (Rggq with respect to indium greater than 10); the foils were oriented perpen- -
dicular to the upper core boundary; the neutron distribution’ was linear and along the assembly axis per-
pendicular to the foil surfaces (Fig. 1c). The exposure time in all experiments was 3 min, Irradiation took
place at constant reactor power., Unperturbed —flux fluctuations in the activation zone were accounted for
by using indium monitors 15 mg/cm? in thickness, located 10 cm from the assembly upper edge directly
on the rod. Ail measurements were relative to the counting rate in this monitor. The flux dlstmbutmn in
the assembly—lrradlatlon zone was measured by similar foils. .

Translated from Atomnaya Energlya Vol, 35, No, 6 pp. 432-433, December, 1973. Original letter
submitted December 6, 1972.
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Fig. 1. a) Positions of model assemblies in swimming-pool
reactor; b) assembly element; ¢) distribution of thermal-
neutron flux in model-assembly activation zone: 1) rod; 2)
detector (indium); 3) backing (plastic); 4) pOS1t10n of as-
sembly elements in cell for irradiation,

rodaxis ]|

Fig. 2. Mutual-screening coefficient in
a two-layer (a), three-layer (b), and multi-

fms . layer (c) model assmblies as a function of
68 Z = ad values characterizing the assembly-
46 o element thickness: 1) £gd, = 10.35; 2)
g4 2 Zgdy = 6.90; 3) Zgdy = 3.45; 4) Zgd, = 1.72;
Y I O O N N O A S I 5) Zgdy = 0.69 (Zg is the moderator scat-
0 42 o of 08 W0Zzd  tering cross section; d is the moderator

b . layer thickness).

The mutual-screening coefficient was judged from the ratio of the averaged unit y ~activity of the
layers to the average unit vy -activity of a single layer irradiated under identical conditions, To supply the
results to infinite layers, we determined the average unit activity of a layer by measuring 10-mm-diam-
eter indicators cut from the center of the irradiated foils. Since one need not know the absolute activity
to determine the mutual- screemng coefficient, we limited the calculation to relative measurements in con-

stant geometry.

The multilayer assembly was a five-layer composition. The central layer was considered as an ‘
element of an infinite system. All measurements were made oh a PP-8 apparatus with a scintillation
counter [Nal(Tl) crystal, 40 mm in diameter]. Activity caused by resonance neutrons was not taken into
account. The measurement error did not exceed 109%,.

Figure 2a, b, and ¢ shows curves for the mutual-screening coefficient for two-, three-, and multi-
layer generators in a thermal-neutron field. The magnitude of the coefficient depends on the moderator
layer and the thickness of y-carrier layers comprising the generator.” The influence of layers whose
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thicknesses correspond to values £ad = 0.1, already in a multilayer generator with distance between layers
approaching ~A; is small in practice, not exceeding 10-15%.

The results obtained may be used for designing two-, 'Ithree—, and multilayer activity generators and
for choosing optimal v -carrier and moderator-layer thicknesses taking into account unperturbed-neutron-
field distribution in the activation zone.
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THERMODYNAMIC PROPERTIES OF LIQUID
ALILOYS OF THORIUM WITH ALUMINUM

A. M. Poyarkov, V. A. Lebedev, _ ‘ : UDC 669.715.298
I. F, Nichkov, and S, P. Raspopin

To determine the thermodynamic properties of saturated solutions of thorium in aluminum and the
compound ThAl; at equilibrium with them, we measured the emf of the galvanic cell:

Thgo KC1 —NaCl+ ThCly, | | KCl—NaCl 4 ThCl, | Th—Aly,. . (1)

The alloys were prepared by fusion of shavings of metallic thorium (99.8%) with aluminum (99.97%) in
crucibles of beryllium oxide, directly in the cell. The thorium content in the alloys (40-50 wt. %) exceeded
its solubility in aluminum at the highest experimental temperature and corresponded to the two-phase
region of the phase diagram L + ThAl; [1]. The current leads for the electrodes were prepared from ti-

- tanium. The ions of the potential-determining element were introduced into a melt of preliminarily de-

hydrated salts in the form of anhydrous thorium tetrachloride, freed of impurities by two redistillations
under vacuum at 850°C. It is known that in melts of alkali chlorides, metallic thorium reduces a substantjal
fraction of the Th*" jons to the divalent state [2]. At the surface of the alloy, the activity of thorium in
which is reduced, the ratio Th'*/Th?" is shifted in the direction of a substantial predominance of ions of
higher valence. In order to eliminate the transfer of thorium from the metal to the alloy according to a
reaction of disproportionation of Th®* ions, the electrode spaces were separated by a diaphragm, and the
thermodynamic properties of the alloys were calculated according to the method proposed in [3]. The
equilibrium constant of the reaction Th + Th** = 2Th*>* in a melt of KCl—NaCl varies with the tempera-
ture according to the expression [2]: log K = 0.0554 —2966/T. Considering the constant and the initial con-
tent of Th4* in the electrolyte (0.493 at. %), we calculated the concentration of Tht* and Th?* in metallic
thorium (CTha+, CTh?t). The concentration of Th®* jons in the alloy (CTh2+) can be determmed according
to the value of the emf between thorium and the alloy, -

RT Crpas Cirnes

TE=F " T 000495 = 0,5C gy

The results of the calculations are cited in Table 1.

For the alloys studied, the fraction of Th®* is negligible, while the average valence of thorium ions
can be -assumed equal to four with a greater degree of accuracy. Therefore, for a study of the thermo-
dynamic properties of homogeneous solutions and an establishment of the solubility of thorium in aluminum,,
we measured the emf of simpler galvanic cells:

Th— Al g,y a1, | KC1—NaCl+ThCl, | Th— AYsoln).- @

TABLE 1. Fraction of Th®* Ions in Thorium and Two-Phase
Alloys L + ThAl,

Concentrations and fractions of ions
in thorium in alloy
T°, K |Kx103 p o
Crha+ | CTh2 “Th* VR,V o  Th2t
X 103 X 133 CTha+ C'The+ C’'Tha+ Rav
973 | 1,016 3,93 2,00 0,337 {0,350| 5,7.10-7| 1,1-10-4 |3,9998
1073 | 1,955 3,60 2,65 0,424 |0,328]2,9.10-¢ | 5,9.40-4 |3,9988

Translated from Atomnaya Energiya, Vol. 35, No. 6, pp. 434-435, December, 1973. Original letter
submltted February 7, 1973.
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TABLE 2. Experimental Values of the emf The thorium content in the reference electrodes cor- .
of Two-Phase Alloys L + ThAl; Relative to responded to the two-phase region L + ThAl;, while in the
a@-Thorium . ‘ investigated alloy it varied from 0.5 at. % to values close to
the solubility. Values of the emf that did not vary by more
T, °K [E;, mV |[E,, mV | T, °K [E;, mVt| T, °K |Eg, mV than 0.001 V in the course of 1 h were taken as the equilib-
- - rium values, After the equilibrium value of the emf was
1086 | 328,5 | 326,1 1070 | 329,7 1073 338,8 reached, the crucible with the alloy was removed from the
1079 | 328,9 | 327,0 | 1036 | 336,0 | 1049 | 343,7 electrolyte and cooled, The alloy was washed free of salts
1036 | 340,2 | 339,5 | 1009 | 340,8 [ 1013 | 349,9 S .
996 | 349.6 | 349,1 | 980 | 348,9 986 | 355,% and analyzed for thorium content. The experiments were
. 946 | 356,8 | 356,6 | 953 |352,3| 958 | 360,7 ; ati ; ‘
1080 | 3806, | 327'4 | 1038 | 335.5 | 1012 | 3508 conducted in a hermetic quartz cells in an atmOSpPere of
. purified argon. The temperature was measured with a cali-

‘ brated Chromel—Alumel thermocouple.
TABLE 3. Solubility of Thorium in Liquid ‘
Aluminum according to the Results of
Measurement of the emf of the Cell [For-
mula (2)]

The established values of the emf of the galvanic
cells (1), measured at various temperatures in four ex-
periments, are cited in Table 2. The values of the emf
: did not depend on the thorium content in the alloy; they were
M;thod of poly- reproduced within 0.5 mV when the temperature was
Ntherms ' lowered and raised and were satisfactorily plotted on a
straight line of emf vs T°K, the equation of which was found

Method of isotherms

T, °K 10t [E, mV| Xmq,x10% T, °K X X102

=rnx 10" | | *m ™ by treating the results of six experiments by the method
1056 | 3,52° | 14,2 | 5,7 958 3,44 of least squares: _
1054 | 2,58 | 16,5 5,3 973 3,78 _
1055 1,93 27,0 6,3 986 4,15 E =(0.558 = 0.016) — (0.210 = 0.014).10-3 T 4 0.005 V. 3
1054 | 0,56 | 50,81 5,2 1?)?)3 igg o :
1(1)82 2:22 ‘;’iz ?; 1019 490 Knowing this method, the partial values were calculated
1115 3,32 %2; 8.1 }8% &8 for o-thorium in saturated solutions and for the compound
no1 | 112 |345| 7.4 1098 6,49 ThAl, at equilibrium with them. The following results were
1109 | 1,49 |[35,87 6,7 1127 6,82 obtained: ‘

g ap = 4.235— 1220 1 10

T
AHpp= —51.5 + 1.5 kecal/g-atom; @
ASpp=—194+ 1.3 'entrqpy' units/g-atom; :

AG—Th. 10000 K= —82.4 £ 0.5 kcal/g-atom.

The formation of the compound ThAl, is accompanied by the evolution of a substantial amount of heat,
a decrease in the entropy and free energy of thorium. The activity of thorium in the compound is negligible,
9.6-107% at 1000°K and 1.1-107¢ at 1100°K

The solubility of thorium in aluminum was determined, knowing the emf of the galvanic cells (2).
The values were found according to the formuia logXTh = @F/RT)E + logxTh by the method of isotherms.
At a definite temperature the values of Xy, (Table 3), calculated according to the values of the emf E
for solutions with different thorium contents, coincide satisfactorily, which is evidence of obedience of the
-activity of thorium in solutions to Henry's law. The temperature below which the emf of the cell 2) for a
solution with a definite thorium content becomes equal to zéro was determined by the method of polytherms.
At the temperature found the thorium content in solution corresponded to its solubility in aluminum. The '
results obtained by different methods are in satisfactory agreement, and in a plot of logXTh vs 1000/ T are
plotted on a straight line, the equation of which takes the form
Ig Xpn= 0632—20_;,’0+0035 ‘ (5)
At 1000 and 1100°K, 4.29 at. % (27.0 mass %) and 6.50 at. % (37.5 mass %) thorium dissolves in alu-
minum, respectively. The difference of Eqs. @) and (5) reflects the temperature dependence of the activity .
_coefficient of ¢-thorium in aluminum solutions:

lg yon=1garn—1g zTn;

. 6
lg yph= 360——9—21?9—!—0,13 ( )
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The excess partial values for thorium in solutions were found, knowing Eq. (6), according to the
well-known function [4]. It was established that the dissolution of 1 g-atom of a-thorium in liquid alumi-
num, regardless of the temperature and compos1t10n of the homogeneous solution, is accompanied by an
evolution of 42.3 + 2,0 kcal of heat and a decrease of 16.5 + 1.8 eu in the excess entropy of thorium, The
activity of thorium in the solutions was characterized by large negative deviations from Raoult's law.

- Raising the temperature from 1000 to 1100°K leads to an increase in the activity coefficient of thorium
from 2.2.107% to 1.6+ 107, Since the activity of thorium in solutions obeys Henry's law, the activity of
aluminum follows Raoult's law. The thermodynamic characteristics of solutions of Th—Al are evidence
of an energetic interaction of atoms of the dissolved substance with the atoms of the solvent.
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(
NEUTRON DIS,TRIBUTION NEAR THE END OF A .
PARTIALLY IMMERSED COMPENSATING ROD

V. P. Koroleva, Yu. G, Pashkin, ) UDC 621.039.562.24
V. V. Chekunov, and L. A. Chernov ' ‘

In order to determine the operating conditions of the absorbing rods used in energetic reactors, one
needs to know the magnitude and distribution of the energy yield caused by neutron capture in the boron of
the rods. This is especially important for the end region of a partially immersed rod, because this part
usually operates under the most stressed conditions. The effect on the height distribution of the energy yield
caused by the end of a partially immersed rod is large not only in the rod itself, but also in the neighboring
fuel elements, there being a considerable difference between these distributions which is not observed in
the case of a completely immersed rod. The purpose of the present article is to show the correctness of a
proposed method for caiculating the distribution of the density of neutron captures near the end of a par- '
tially immersed rod. '

The distribution in height of the capture density of an absorbing rod partially immersed in a reactor
will be different from the variation with height of the reactor fission field, since the fission field is deter-
mined by the distribution of neutron currents in just this place, whereas the distribution of the density of
captures in the rod is determined by the distribution of neutron currents at its surface.

It can be shown that at large distances from the end of the rod (for the case in which the neutron
distribution is not extremely nonlinear), the variation with height of the reactor fission field next to the rod -
and the distribution in height of the capture density of the rod are practically the same. It is therefore of
considerable interest to calculate the increase in the capture density in the rod near its end caused by the
exposure to neutrons from below (it is assumed that the rod is directed upward).

In order to obtain expressions which describe this increasé, we assume the following: "
1) the rod, of radius Ry, is located in an infinite noné.bsorbing medium with a scattering cros‘s sec-
" tion Zg; ' ! :
2) no'sc'atterin'g exists in the rod;
3) below the rod there is free épace;
- 4) the radial distribuﬁon of the neutrons in the medium is described by a smooth function of the type
1—f—q @)%

(here r is the distance along the normal to the surface of the rod; and Z is the distance along the
rod measured from its end), which gives the correct value of the depression of the neutron flux
at the surface of the rod q(Z) and an unperturbed unit value of the flux at large distances from the
surface; ‘

5) - the transition for the éwymptotic value of the depression of the neutron flux at the surface of the
rod q to the unperturbed unit value of the current under the rod is described by a certain transi-
tion function which is symmetric with respect to the end, so that at the end (Z =0)

g (O =1+9)/2

8) because the effect sought decreases rapidly with height (for Z ~ Ry it is effectively zero), the
value of the average neutron attenuation exp (-Z ¢l) can be replaced by exp [ZoM], in which (@) =22

Transl_abed'from Atomnaya Energiya, Vol. 35, No. 6, pp. 435-436, December, 1973. Original letter
submitted March 20, 1973.
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Fig. 1. Relative distribution in height
N(Z) of the neutron capture density
near the end of a B,C rod partially -
immersed in a reactor: O) experimen-
tal; - ) calculated.’

N(Z2),relative units

‘ ] )

0 05 10 T _ _ , !
Distance from end of rod, relative .
units

is the neutron mean free path between the end of the rod and the plane Z; and Ze is the absorptlon
cross section of the rod.

Under the assumption that the neutron flux does not vary in the axial direction under the rod, the ad-
ditional number of absorbed neutrons in unit volume of the rod at a distance Z from its end caused by the

- -exposure to neutrons from below is then given by the expression (the summation is carried out over all

energy groups)

PR

N (2)=gp— Z®u+mm—ﬂmn‘ ,

where ¢; is the unperturbed neutron flux at the end of the rod; B = Zszf ci 18 the optical thickness of the
rod compared to the absorption; and A(8j) is the probability of the first collision in the rod and is given by"
the expression :
/2 /2 _ .cgsw
A(Bi):% g cos ¢ d S sin20d0 (1—e " %)
0 0

?

(the latter is tabulated, for example, in [1]). The calculation of N(Z) was carried out for a rod 19.2 mm in
diameter made of boron carbide (natural boron) with a density of v =2.21 g/ cm? in the spectrum of a
- uranium —berillium reactor with a nuclear density ratio of PRe/ PS5y =84, normalized to the value N (Z = R),

The measurements of the relative neutron capture density distribution near the end of a boron-con-
taining rod were carried out on a PF-4F8 assembly [2], at the center of which was placed a compensating
rod made of boron carbide. The rod was loaded into the reactor from above until its end was at the central
plane of the active section. The neutrons were counted by a gold—silicon -semiconductor detector with an
effective area equal to that of the cross section of the rod combined with a layer of 1B 0.01 mg/ cm? thick
placed on a titanium backing. The final portion of the end of the rod was composed of B,C disks, each with
a thickness of 1-2 mm, with the detector placed in series between them. Figure 1 shows the experimentally
obtained relative behavior of the neutron capture density, with the calculated results shown for comparison,
The calculated results agree well with experiment, showing the validity of the proposed method of calcula-
tion.
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v-RAY BUILDUP FACTORS FOR CYLINDRICAL
SHIELDING BLOCKS

D. L. Broder, S. A. Kozlovskii, _ ‘ UDC 539.125.52
V. I. Kulikov, N, L. Kuchin, o
K. K. Popkov, and I. N. Troflmov

In this paper, an attempt is made to obtain values for y-ray dose buildup factors in the energy range
0.5-8 MeV and for long cylindrical shielding blocks. For this purpose, Monte Carlo calculations were per-
formed. To reduce variance and accelerate convergence, splitting and Russian roulette [1, 2] were used
which made it p0331b1e to obtain satisfactory results for shield thicknesses up to ur =15.

To check the effectiveness of the program, several calculations were made of the spatial and energy
distributions of the y -ray fluxes from sources of initial energy 0.5-8 MeV in-homogeneous media. In the
course of the calculations, differential enérgy spectra were obtained for media of infinite transverse di-
mensions which were compared with the results of calculations by the moments method [3]. The compari-
. son revealed excellent agreement between the results of both calculations. '

Calculations of y-ray buildup factors in cylindrical shielding blocks were performed for the case
where a point isotropic monoenergetic source of v-rays was located in the end plane of the block on the
axis of symmetry, The materials considered were water, iron, and lead, i.e., a broad range of atomic
numbers was covered, : .

Analysis of the results led to the conclusion thatthe following emp1r1ca1 expressioncanbe proposed to
describe the dependence of v -ray buildup factors in cylindrical shielding blocks:

) ' “(Ey1s.00-02)R '
B (jir, R) =B (pr, o) —(B (ur, co)—l]e R ' (1)

where B(ur, «) and B(ur, R) are y-ray buildup factors at a distance r from a source in an infinite medium
and in a cylindrical shielding block of radius R; Z is the atomic number of the element comprising the cy-
lindrical block..

A comparison of the dose buildup factors calculated by the Monte Carlo method, those calculated by
means of Eq. (1), and those calculated by means of equations given in [4-6] shows that for small penetration
depths (ur £ 7), the results disagree by no more than 30%, which is of the order of the error of the Monte
Carlo method. The d1sagreement increases at greater penetration depths,

As an illustration, Fig. 1 shows the dose buildup factors for y-rays with an initial energy E; = 2.0
MeV in a lead cylinder with a length r = 1.0 p~! calculated by the Monte Carlo method, in accordance with
Eq. (1), and in accordance with the equations in [4-6]. Figures 2 and 3 show a comparison of the calculated
results obtained from Eq. (1) and from the equations in [4-6] with experimental data [6].

. An analysis of the calculations for various materials-(water, aluminum, lead, tin, and iron) shows
that Eq. (1) makes it possible to determine the y-ray buildup factor in cylindrical shleldlng blocks of length
r = 15 p~! with an accuracy of 30% or better for an initial source energy of 0.5-8.0 MeV, For these con-
~ ditions, the recommendations in {6] provide an accuracy of 65% or better. The empirical formula proposed
in [4, 5] satisfactorily describes the B(ur, R) dependence only for light materials (water, aluminum); in
those cases, the error of the calculations does not exceed 60-70%. As the atomic number increases, the

Translated from Atomnaya Energlya Vol. 35, No. 6, pp. 437—438 December, 1973. Original letter
submitted Apr114 1973.
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Fig. 2.vy-Ray dose buildup factor for cylindrical aluminurm shleldmg block:

) pr =2.0, Ej = 0.66 MeV; — ——) ur =5.92, E; = 1,25 MeV; 1-3) re-

T T
spectively, calculated by equations in [4, 5], in [6], and by Eq. (1); JO_ and I)

experimental data [6].

Fig. 3. y-Ray dose buildup factor for cylindrical iron shielding block (E,
=1.25 MeV, ur =4, 08) 1-3) respectively," calculated by equations in [4, 5],

(6], and by Eq. (1), o) expenmental data [6].

error of- the calculatlons rises reaching more than 4009 for lead cylinders of small radius and a source

energy E; = 8.0 MeV

In conclusmn the authors thank Yu. M, . Vishnyakov for eff1c1ent computer operatlon
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vy -RADIATION-INDUCED AIR GLOW

A. V. Zhemerev, Yu. A, Medvedev, ' UDC 621.039.555
B. M, Stepanov, and G. Ya. Trukhanov :

The chara.ctemstlcs of the light flash which is excited by a y-quantum pulse in air have been in-
vestigated in [1]. Both the delay of the light signal within the irradiated region and the self-absorption of
the light were taken into consideration. The time dependence of the intensity of the light flux was deter-
mined for y -fluxes of various intensities. The conditions under which the self-absorption effect is im-
material were determined. For example, for an instantaneous y-quantum source which emits per unit time
N(t) = Ngb (t) y -quanta, the condition that self-absorption is small is given by the formula

(1

where "y, oy by and v denote constants characterizing the ionization of the air under the influence of vy -
quanta (the entire notation is similar to that of f1]). ‘

The effect of the scattered y-radiation in the light flux was approximated in [1] by introducing an
effective absorption coefficient y of the y-quanta. It is worthwhile to make a precise calculation of the
intensity of the emitted radiation resulting from the scattered v-radiation, and to estimate the accuracy
of the approximation used inf1], Inthe present article, the effect is evaluated with the Monte Carlo method.

v -Quantum fluxes in which the self-absorption effect is 1mmater1al are conS1dered

Assume that we know the energy E (r, t) absorbed per umt volume at a dlstance r from the source per
unit time and the law according to which the deactivation of a volume element exposed to a y-quantum pulse -
K& (t) takes place. The time dependence of the intensity of the light flux at a distance R, from the source can
be described by the expression [1]: ' '

) t-R/c : :
v dv R\ » r i . .
[,(Ro, t):—zl—]E S —ﬁ S KB (f——T—"T) E (T, T—‘—c-) dt. . (2)
Vit L - ) .

The integration is extended over the volume Vi which is bounded by the surface of the ellipsoid r + R =ct,
The foci of the ellipsoid are the source of 'y—radlatlon and the point at which the light flux is monitored.

Let us discuss Eq.-(2) for an 1sotrop1c monochromat1c point source of y-radiation havmg the energy
; the source is assumed to emit N(t) = Nyo(t) v-quanta per unit time. Let us separate the light flux which
is generated by the unscattered 'y-rad1at1on In this case, the absorption of the energy E(r t) is given by,
the formula

E’:(r, t_?) p&eN(t —)‘Z;—; .. (3)

" where £¢ denotes the average energy of an electron knocked away by Compton scattering of y-quanta; and

u denotes the absorption coefficient of the v-quanta, The 11ght flux which is generated by the unscattered
—rad1at10n at large Ry > p-1y distances from the, instantaneous source of vy - quanta is given by the follow-
ing expression of [1] '

ot (o () e (B - (2-))) ’

where E;(x)-and E;(x) denote integral exponential functions [21.

Translated from Atomnaya Energ1ya Vol, 35, No. 6, pp. 438-439, December, 1973. Original letter
submitted April 6, 1973.
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© Fig. 1. Time dependence of the in-
tensity of the light flux in units NHE. cN,
/81R}% of the excited y-radiation: 1) un-
- scattered radiation; 2) unscattered
radiation, calculated with the Monte
Carlo Method; 3) scattered radiation,
calculated with the Monte Carlo method;
4) total radiation, calculated with the .
Monte Carlo method; 5) results of [1].
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The light flux which is generated by scattered y-radiation can be determined with the following meth-
ods: successive calculation of the absorbed energy of the y -radiation and subsequent calculation of the inte-
gral of Eq. (2); or direct calculation of the light flux with the Monte Carlo method. The second method was
used in the present work. Direct modelling of the y-radiation source was employed [3]. The fast electron
which is generated in y-scattering loses part of its energy 7 in the formation of excited states of the mole-
cules which, after a time —Inp/a (p denotes a random number and a1 is the time of radiative decay of the

-, excited states of the molecules), emit light quanta in a pattern with spherical symmetry (the direction in

‘which the quantum is emitted is chosen at random). When a light flash produced by the v -radiation in air
is modelled, the light scattering must be taken into consideration. The characteristics of the light flash
depend in this case upon the meteorological conditions. We did not bring these processes into account in
the present work, because the light flux is considered at a distance of the order of several kilometers,
whereas the average range of a light quantum having the wavelength ~4000 A amounts to 10-20 km for the
standard atmosphere under normal pressure [4]. ‘ :

T he hght flux which is generated by the scattered y-radiation was calculated for a source with &

=1 MeV. The distance at which the light flux was calculated amounted to 25 g1, Twenty thousand his-
tories of y-quanta were considered in the calculations. The probable error is 5-10%. The results of cal- .
‘culations of the light flux intensity generated by the y-radiation at large distances from the source are il-
lustrated in Fig. 1 in the form of histograms in units of MUE,, cNy/8mR3. For the purpose of illustrating
the accuracy of the calculations, the figure includes the intensity curve of the light flux generated by un-
scattered y-radiation. The curve was calculated with Eq. @) for p~1 =120 m and ge = 0.44 MeV. The total
intensity of the hght flux has a characteristic rise time of the order of the deactivation txme a1 of a vol-
ume element (@~ =6-10-8 sec for the line of the nitrogen ion with the wavelength 3914 A (5]). The con-
tribution produced by the unscattered vy -radiation dominates. Beginning at times which are greater than

1 the contributions resulting from scattered and unscattered y-radiation become comparable, and at
times in excess of 1 usec, the contribution of the scattered y-radiation dominates. Figure 1 includes the
intensity curve of the light emission; the curve was constructed from the results of [1]: u;%f =300 m and
€ = Enpn The scattered vy <radiation in the light flux can be taken into account with adequate accuracy when
the effective coefficient of v-radiation absorption is assumed to be equal to 1/300 m~
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ANALYSIS OF SURFACE LAYERS WITH THE AID OF
ABNORMAL a-PARTICLE SCATTERING

B. I. Kuznetsov, I, P. Chernov,, UDC 539.12.04:678.01
G. Ya. Starodub, and A, A, Yatis '

The development of microelectronics and electronics, investigations of the stability of coating films,
and research on the kinetics of several chemical processes are not feasible without in-depth investigations
of both the integral and differential distribution of light elements in the surface layers of materials. Tech-
niques of nuclear physics [1-3] are of particular importance for the solution of these problems. The most
widely used method is based upon scattering [3], wherein particles whose energy is below the Coulomb bar-
rier are used as the bombarding particles. The energy of the elastically scattered particles depends upon
the mass M of the scattering nucleus, and both energy and intensity of the scattered particles can be used
to determine the composition of thin layers. The method has been successfully employed in the analysis of
self-supporting, 1-2 p thick films and for the determination of admixtures consisting of heavy elements
in light elements, ' '

The present article proposes a method of determining the concentration of light elements, The meth-
od is based on anomalies in the backscattering of ¢-particles. The elastic scattering cross section of ¢~
particles scattered at light nuclei has a sharp increase at angles close to 180° [4, 5] in the energy range
15-30 MeV and reaches its maximum at carbon and oxygen nuclei. At some energies, the elastic scattering
cross section amounts to several barns and exceeds 104-10° times the cross sectxon of backscattermg at
intermediate and heavy nuclei.

When o -particles having the initial energy E; are incident on a sample, there exists a certain prob-
- ability that the o-particles are scattered at a certain depth into the direction defined by the angle 6, the
scattering occurring at nuclei of the base material or at admixture nuclei. The particles lose the energy
AE, due to ionization processes along their path. After a.collision, the energy of a scattered particle of
mass m decreases proportional to the coefficient k? which is given by the formula

mcos 6 m cos 0 M—m

=it ({5 ) = ]

In the case of light nuclei, the energy of scattered o -particles at § = 170° is Several times smaller than
(Eg—AE;). The energy losses AE, of the primary particle beam on the path x are negligibly small when
compared with the energy losses AE, of a moving particle which has been scattered. Thus, the entire in-
formation on the depth at which admixture elements are situated is related to the 1omzat10n losses of the
scattered particles.

The minimum resolution with which the depth distribution of impurities can be analyzed depends upon
the energy resolution of the spectrometer. The energy resolution of the spectrometer is composed,
. essence, of the energy spread of the incident beam at the target and the intrinsic resolution of the record—
ing System At a resolution of 15 and 60 keV of the spectrometer, the minimum resolution amounts to 500
and 2000 A respectively, for germanium samples, However, when the - particles are directed at a cer-
tain angle onto the surface of the sample, the resolution is reduced by one order of magnitude.

The greatest thickness which can be analyzed is in general dependent upon the overlap of the spectra
of pulses which originate from the particles elastically scattered at neighboring light nuclei, E,, and the
atomic number of the substrate material, For example, in the case of niobium which contains admixed

‘ Translated from Atomnaya Energlya Vol. 35, No 6, pp. 439-441, December, 1973. Original letter
submitted May 21, 1973.
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Fig. 1. Amplitude spectrum of g-particles which were elastically scattered
at a niobium sample (———) or at a germanium sample ( ).

Fig. 2. Depth distribution of oxygen admixtures in a niobium sample. The
depth distribution P(x) was obtained from the instrument spectrum A(N).

carbon, the differential distxjibutioh of oxygen can be measured at a depth of 8 p at E; = 21,4 MeV,

_ The sensitivity of this method depends upon the cross sections of scattering at the impurity nuclei
and the matrix nuclei, the intensity of the incident beam, the exposure-time, the number of counts in the
channels of the analyzer, and the depth distribution of the impurities in the sample, 'In the case of matrices
having mass numbers 40 = A = 140, at a current of 1 uA/cm? and at a solid angle of 102 of the detector,
the minimum number of admixed carbon nuclei, nitrogen nuclei, and oxygen nuclei found in the surface
layer amounts to 2-10%%, 1.5-10, and 1.0-10" nuclei/ cm?, respectively. The error of the measurements

does not exceed 10-20%.

The applicability of the method was tested with the cyclotron of the Scientific-Research Institute of
Nuclear Physics, Electronics, and Automation at the Tomsk Polytechnical Institute. The energy of the -
particles could be varied between 18 and 27 MeV. The beam of collimated particles passed through colli-
mating slits and was incident upon the sample to be examined, which was situated in the center of the
scattering chamber (residual pressure of 310~ mm Hg). A surface-barrier counter was used as the de-
tector of the scattered particles. The resolution of the spectromefer amounted to 50-60 keV. In order to
identify the a-particles which had been elastically scattered at the nuclei of light elements, the sensitive
zone of the detector was chosen so that the depth of this zone was slightly greater than the range of the «-
particles scattered at oxygen nuclei on the surface. The detector pulses were fed to an AI-4096 analyzer.
The incident beam was monitored by measuring the current at the sample or by recording to scattered o -

particles,

The concentration of the light elements was determined by comparison:

M, Y.
mEme g My

where my, mg, My, Mg, and Yy and Y, denote the number of nuclei, the readings of the a-particle beam
monitor, and the number of pulses in the peak for the element to be analyzed in the sample under inspection
and in a standard sample, respectively. Films of Lavsan or polyacrylonitrile were used as standard sam-
ples. ’

Figure 1 is an amplitude spectrum of ¢ -particles (E, = 18.3 MeV) scattered from a thick niobium
sample on the surface of which a 100 A thick carbon layer had been applied after chemical etching. Two
peaks can be recognized in the spectrum on the weak background of pulses corresponding to o-particles
scattered at the matrix: one peak corresponds to the a~particles scattered at carbon, and the other to
a-particles scattered at oxygen. The latter peak is present because an oxide film was formed after the
etching./ When this film has the chemical composition Nb,O; and the film compound is uniformly distributed,
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the film thickness must be 40 A. The number of pulses in the carbon peak corresponds to a 100 A thick
carbon film. Figure 1 includes the spectrum of pulses corresponding to the scattering of a-particles with
the energy E; = 21.4 MeV in a germanium sample on the surface of which 5i0, (80 A) and Si;N, (1160 A)
films had been deposited. The thickness of these films, which was derived from the number of pulses in
the peaks, coincides with the thickness values obtained in measurements using other methods, Interest-
ingly enough, a peak corresponding to the scattering of a-particles at sodium is observed. The sodium ap-
parently results from the surface treatment. : ‘

. The differential distribution of oxygen in the surface layer of the niobium sample was measured in a
similar manner., Figure 2 illustrates the instrument-dependent spectrum A(N) of the scattered o -particles
and the distribution P(x) of the oxygen in the depth of the sample. The majority of the admixed oxygen nu-
clei are on the sample surface; the oxygen fraction decreases with increasing depth. '

The following conclusions can be drawn from our investigations.

1. Measurements of @-particle backscattering at high energies supplement the measurements of
Coulomb scattering. The method makes it possible to determine with high sensitivity microcon-
centrations (traces) of light elements in the surface layers of dlmost any material.

2, The method is nondestructive and can be used to examine the distribution of oxygen, carbon, and
. nitrogen (or their compounds) over both the sample surface and the bulk of the sample.

3. The method can be used to investigate the dynamics of concentration changes of light adrhixtures
in layers close to the surface of various materials which are exposed to corroding media, heat
flux, and radiation fluxes.

In conclusion, the authors thank the service team of the cyclotron for the uninterrupted operation of

the accelerator, and S. V. Pokrovskii for giving valuable advice and for providing the germanium samples.
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DETERMINATION OF THE AMOUNT OF TRITIUM IN
ORGANIC MATERIALS ACCORDING TO BREMSSTRAHLUNG ’

L. F. Belovodskii, V. K. Gaevoi, ' UDC 620.1.019,39:546.11.02.3
and V. I, Grishmanovskii :

. The investigation 6f the principles of the absorption and desorption of tritium and its oxide (HTO)
by certain film materials, the study of the solubility of tritium and HTO in materials, as well as the in-
troduction of an isotopic label, involve the necessity of determining the amount of tritium in materials,

The known methods of determining tritium and HTO are based on the chemical dissolution or thermal
decomposition of samples of the materials, followed by a measurement of tritium or HTO in solution or in
the liberated gases [1, 2]; the amount of tritium in materials can be determined by an autoradiographic
method [3]. The basic shortcoming of these methods is the long duration of the analysis (several hours or
days); moreover, the first two methods lead to a decomposition of the investigated samples,

The method under consideration does not share the indicated shortcomings; in this method the amount
of tritium is determined according to the rate of count of bremsstrahlung due to the g-particles of the de-
cay of tritium in certain organic film materials,

The bremsstrahlung of the g-particles of tritium is detected with Geiger counters with thickness of
the window 3-5 mg/cm? or with scintillators (Nal, CsI) with thickness ~1 mm {4, 5]. The bremsstrahlung
intensity is proportional to the amount of tritium in the sample of the material 4, 6]:

. Q=kN, \ (1)

where Q is the amount of tritium in the sample, Ci; N is the rate of count of the bremsstrahlung, counts
/min; k is a coefficient of proportionality for the given material, In general, k depends on the atomic num-
ber of the material Z, the sensitivity of the recording apparatus to bremsstrahlung, the geometry of the
measurement, the thickness of the material, and the uniformity of the distribution of tritium through the
thickness. Consequently, the task of measuring tritium according to bremsstrahlung is reduced to a deter-
mination of the value of k for the investigated materials.

For the determination.of k for certain film materials (see Table 1), we studied the dependence of N
on Q. Samples of the investigated materials 3 em? in diameter were exposed for 24-28 h in an atmosphere
of HTO vapors; the tritium concentration in the vapors was 10-! Ci/liter. After exposure, the brems-
strahlung of the samples was recorded on a B-2 apparatus with an SI-2B end-window counter, placed in a
DS-000 lead booth, The samples were theh placed in test tubes with a fixed volume of distilled water,
where they were "soaked out™ for 0.5 h to six days. After soaking out, the samples were dried with filter
paper, their bremsstrahlung again measured, and placed in other test tubes with water, These operations
were continued until the rate of count of the bremsstrahlung of the samples became ~3v Ny, where. Ny, is the
background of the apparatus, counts/min, To determine the residual activity of tritium in the samples,
they were subjected to combustion under vacuum, after which the liberated HTO was frozen out.

The water remaining after soaking out and combustion of the samples was analyzed on a URB-1 ap-
paratus, which was calibrated with standard HTO with an error of £10%. The amount of tritium liberated
from the sample was determined according to its concentration in water; it corresponded to the decrease
in the rate of count between two soakings of the sample. The summary amount of tritium correspond to
the initial rate of count, determined after exposure, The experimental dependence N = (@) for certain ma-
terials is c1ted in Fig. 1

Translated from Atomnaya Energiya, Vol. 35, No. 6, pp. 441—443 December, 1973. Original letter
submitted June 8, 1973,
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TABLE 1. Characteristics of the Investigated Materials

Relative Kk?
: error in the ’ €
Material . d,cm {p,g/em® | p,em™! ke determina - K,
. |tion of kg, - T-Ti Sr=Y
% ) -

"Kalandr" glove rubber (TU No, YaN-251-61) ~ |L.1-10°' [ 1.15 21,7 3.1-107° 9 1.1-1078 21.2 |2.6-10°
Nairit latex L-7 (VTU No, V-53-61) 5.4.107% | 1.28 24,2 2.5107° 11 1,3-10"¢ 25.2 |8.1:10°
Surgical glove rubber (GOST=3=53) 2.0-107% [ 0,90 17.5 | 8.5.1077 12 7.2-107" 13,9 | 1.7.10°
Polyvinyl chloride, recipe No. 80/277 2.5:107% | 1.21 22.8 | ‘17107 16 - |L.2:107° 23,2 |2.9-10°
Polyvinyl chloride, recipe No.80 AM 3.0-107% |, 1.23 23.2 1.7-10-¢ 23 1.2:107 | . 23.2 [2.9-16°
Teflon-26 ' , 2,2-10"2 | 1.81 34.2 7.0-1077 20 5.0-1077 9.6 |1.2.10°
- Perfol PK-4 6.0-10°% | 1.15 - 8.7-10~" 25.  |8.7-10% 16.8 | 2.0-10°
‘Terylene (polyethylene terephthalate) | ‘ 7.5.107% | - - 7.1.10°" 21 |7.1.107" 13.8 | 1.7-10°

Note. No correction for absorption was introduced for perfol and terylene in view of the negligible thickness of these materials.
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Fig. 1 Fig. 2

Fig, 1. Dependence of the rate of count of bremsstrahlung on the amount of
tritium in nairitlatex L-7 (1) and perfol PK-4 (2).

Fig. 2. Depenaence of the rate of count of bremsstrahiung on the thickness
of the absorber.

In the experiments the values of Q were varied from 10-5 to 10-1 Ci, and those of N from 20 to 7° 104
counts/min; in this case the value of N was measured at various distances from the window of the counter
(10-100 mm), and then the values were reduced to a distance of 15 mm, considering the correction for dead
time. ‘Four to eight samples of the same material were mveshgated simultaneously; 8-26 values of Q; and
~N were determined for each material.

The experimental coefficients of proportionality k, for the 1nvest1gated materials, the arithmetic
mean values of which are presented in Table 1, were found from the ratios Qj /Nj. The values of kg lie
in the range from 7.0 +10-7 (Teflon-26) to 3.1* 10"6 ("kalandr") The standard deviation in the determina-
tion of k, is 9-25%. - .

Since k in function (1) depends on several factors (see above), therefore the values obtained for ke
are correct only for constant conditions of measurement (in this case k = kg). However ink, the depen-
dence on Z, which determines the intensity of bremsstrahlung, is considered.

If we assume that tritium is distributed uniformly through the thickness of the material, then, de-
pendmg on the thickness, N can be determined by the function [7] ’ ~

. . No
T pd

(1—e7*), : _ , (2
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where Nj is the rate of count without consideration of absorption in the material (for an infinitesimally thin
layer); d is the thickness of the material; u is the absorption coefficient. Since N =Q/ke, then Ny =Q/ ké,
where ké is the coefficient of proportionality without absorption. Substituting the values of N and N into (2),
we obtain an expression for ké: ’

ke = K g _omrd) ' (3)

Finding ké involves the determination of u for the investigated materials. For this purpose we mea-
sured the absorption curve of bremsstrahlung. A polyethylene film with density p = 0.92 g/ cm?® and thick-
ness 0.1 mm was used as the absorber. The absorption curve is presented in Fig. 2. The half-thickness
A1/2 is equal to 0.04 cm, while for polyethylene u = ln2/A1/2 =17.5 cm-l, For materials differing neg-
ligibly in Z, the ratio p1/p can be considered constant. On the basis of this ratio [it is equal to 19 cm?/g
(polyethylene)] and the known density of the materials, we calculated the values of j, which were used for
the determination of ké. The values obtained for i and ké are presented in Table 1. :

The influence of the geometry of the measurement and sensitivity of the apparatus on kg is con-
sidered by standardization of the values of ké according to a standard. For the standardization of ké, the
measurement of samples of the investigated materials and standards was conducted in identical geometry.

. In this case two standards were used: tritium—titanium with an activity of 2.16 - 107® Ci with respect to

tritium and strontium —yttrium with activity 8.45-10-8 Ci with respect to yttrium. The accuracy of the
standard according to the data of the manufacturers was +10%,. The following function was used for the
standardization: ' »

' kN

o _ & °0 ’ .
=g : (4 .

where k; is the standardized value of 'ké (the values of kg are cited in Table 1)." It is evident that the ac-

tivity of the tritium —titanium standard is several orders of magnitude higher than the activity of the stron-
tium — yttrium standard; however, in the first case the values of k" are four orders of magnitude lower

in comparison with the second standard. This is explained by the fow yield and low efficiency of recording
(~1%) of the bremsstrahlung of the g-particles of tritium.

The values obtained for ké' can be used to measure the amount of tritium not only in the investigated
materials, but also for other film materials with close values of Z. In this case any instruments sensitive
to bremsstrahlung caused by tritium can be used. The amount of tritium in the materials is determined by
function (1), in which

k ,=____’§_“d_£e1 .
T (1—e"kd)  Net

The sensitivity of the method with anSI-2B counter at Np = 60 counts/min, N =3V N, and d = 0.05

‘mm in the case of measurement of a surface equal to the area of the window of the counter (12 cm?), lies

in the range from 1.2-1075 (Teflon-26) to 3-10~° Ci (nairit latex-7), The sensitivity reduced to unit area
is (1,0-2.5)-107% Ci/cm?, The sensitivity can be increased by reducing the background and using detectors
with a greater efficiency of recording to low-energy radiations, . '

The authors would like to express their gratitude to V. N. Demenyuk, V. V. Migunov, and L. L
Romashova for their aid in the work., . :
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CHRONICLES

WORK EXPERIENCE OF THE COORDINATING COUNCIL
OF PKIAE SEV, CONCERNING THE PROBLEM OF THE
RENDERING HARMLESS OF RADIOACTIVE WASTE

B. S. Kolycheyv

In 1971, in the role of a working body of the Permanent Commission of SEV, concerned with peaceful
use of atomic energy, 2 scientific—technical council was set up to deal with the problem 1-3 (KNTS 1-3):
"nvestigations in the f1e1d of rendering safe of radioactive waste and deactivation of surfaces."

The basic problem of KNTS 1-3is to promote the organization of multilateral collaboration of the
interested countries, the members of SEV, on this problem with the aim of speeding up the scientific
—technical progress. A program of scientific—technical collaboration on the problem 1-3 was worked out,
in which the basic directions of investigation are defined. In addition, it was established in the program
in which way one problem or another will be solved when work on it is carried out in two or more coun-
tries simultaneously. This enabled a clear distribution of the work between countries to be carried out,
and to avoid unnecessary parallelism while carrying out the investigations.

From the instant of the organization of KNTS 1-3, in the framework of scientific —technical collaboration,
investigations were carried out which allowed a number of methods.to be set up that enable to unify the ap-
proach to the solution of certain practical problems, to reduce the amount of labor of the investigations
being carried out, and to obtain comparable results, irrespectively of the country carrying out these in-
vestigations. The following methods have been considered and accepted on conferences of KNTS 1-3.

Unified methods for the choice and assessment of natural and artificial organic and inorganic sor-
bents allow examination of all sorbents which are being produced and developed. It allows their suitability
to be assessed with respect to purification of nontechnological waste of a low-level activity, and as a
result, to set up a catalog of all sorbents being produced in the countries of SEV which correspond to the
requirements imposed on them at the purification installations,

Preliminary methods have been produced for comparing the cost of purifying radioactive waste by
sorbents of repeated and once-only use. These methods allow, without carrying out complex and highly
costly experimentalwork, to give with a high degree of confidence, only on the basis of laboratory investi-
gations, an unequivocal answer when choosing between sorbents of single and multiple use. They must
help to solve these problems which always give rise to great arguments, since all sorbents have extensive
circles of adherents. These methods have been distributed to the countries for testing. In the case of need
1mprovements can be introduced in them. :

To solve the problem without carrying out complex experimental 1nvest1gat10ns methods have been |
developed for the selection of safe conditions for burying waste rendered harmless, dependent on the prop- -
erties and specific activity.

Investigations into experimental storage of such waste materials carried out in the USSR enabled the
. necessary, limiting initial data to be obtained, which in fact were taken as the basis of these methods.
They were reported on the conference of specialist of MAGATE (Moscow, September, 1972) devoted to the
same problem. This was the first time when material developed in the framework of PKIAE SEV was con-
' sidered in another international organization,

The method of burying liquid radioactive waste in deep geological formations is well tested in prac-
tice by Soviet specialists. High economy was obtained in the case of high output (hundreds of thousands of

Translated from Atomnaya Energiya, Vol. 35, No. 6, pp. 444-445, December, 1973,
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cubic meters per annum), since for this method the cost of burying 1 m? of liquid waste of low-level ac-
tivity does not exceed 1-1 ruble 50 kopecks. The experience of work of many years with a careful check
of the advance of the activity front in subterranean collectors, by means of test boreholes, showed the
reliability and safety of this method. With the aim of making use of the extensive experience of the Soviet
Union, methods of geological, hydrogeological, and physical —chemical investigations were developed

for the search, prospecting and validating the suitability of geological structures for safe burying of liquid
radioactive waste, .

" Assigning great importance to the need to render harmless not only radioactive waste but any other
harmful liquid industrial waste, and to the preservation of the environment, KNTS considered it advisable
to suggest for the consideration during the meeting of the Permanent Commission thé last two sets of
methods, and to recommend them as the normative documents, and in the case of need to address them to
all interested bodies of SEV and MAGATE'I_ for subsequent use, This resolution was adopted in July, 1973.

In the framework of KNTS 1-3work is being carried out on the theme 1-3.6: "Investigation of the
migration of radioactive isotopes in the surface waters of land, seas, and oceans."

A first positive result of the combined efforts was the substantial lightening of the burden of method
development, The determination of radioactive traces in a watery medium is connected with considerable
difficulties. A correct approach and distribution of tasks between the participants of the investigation ac-
celerated the preparation of the necessary radiochemical methods. On a conference of radiochemists con-
cerned with methods, general requirements were worked out which must be satisfied by the modern meth-
ods of radiochemical analysis of objects of watery medium. Great possibilities in this field were noted in
the development of direct instrumental methods for the determination of the content of radioactive matter
in water and ground deposits, Introduction of nuclear physics methods, particularly y-spectroscopy, into
thlS field turned out to be very useful.

To unify the approach to the solution of the problem just hsted "General methodological criteria
for determining radioactivity of a watery medium and ground sediments " were worked out, considered by
KNTS 1-3 and confirmed by PKIAE,

In October, 1972, in the town of Golobczeg (Poland), KNTS 1-3held a scientific—technical conference.
Almost one hundred specialists of the member countries of SEV took part in it; in addition, a representative
of MAGATE was present. Altogether 81 reports were read; of these 4 were surveys, 3 were informative,
and 74 were thematic. The reports presented to the conference and the discussions conducted showed that
the current period is characterized by broadening of the range and by a rise in the level of 1nvest1gat10ns
in accordance with the collaboration program.

During the time of existence of KNTS 1-3, in addition to the conference just mentioned, seven scien-
tific—technical conferences of specialists were held, devoted to the consideration of the individual prob-
lems of the program noted above. These conferences, while considering the intermediate stages of the
investigation, . allow timely introduction of corrections into the program and the methods of conducting the
investigations, into the direction of investigations, and in the case of need they allow to take resolutions
about stopping the investigations. This was the case, for example, with the investigations on the inclusion
of waste into molten sulfur.

During the two years of existence of KNTS 1-3 several stagés of the fopics listed in the program have -

been completed successfully and in good time. Thus, specialists of German Democratic Republic carried
out their obligations concerned with the development and testing of a film-forming agent for the protection
of surfaces against radioactive contamination, and means for applying it under real conditions. In Poland
investigations into the development of polishing paste containing detergents and complex-forming agents for
deactivation of surfaces have been completed. In the USSR work has been carried out, concerned with the
investigation into the conditions of including radioactive waste, containing sodium nitrates, into bitumen,
Design work has been carried out and tests have been conducted on experimental models of installations
and equipment for deactivation of apparatus and contaminated localities., As was already mentioned above,
the development of the methods of burying into geological formations has been completed.

Specialists of German Democratic Republic and Czechoslovakia jointly developed an instrument for
analyzing dispersion content of aerosols. Scientists of the USSR and German Democratic Republic worked
out methods for the calculation of the propagation of radioactive pollution in the atmosphere,

In 1972 KNTS 1-3 carried out the necessary organizational measures of the settingup, by the member
countries of SEV, of a Commission of Intercalibration for the determination of radioactive pollution of a
watery medium.
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Not of lesser importance than the collective development of methods is the conduction of full-scale
investigations on a collaborative basis. The study of the migration of radioisotopes in the land surface
waters on the territory of the countries of SEV was formulated to that it fully guarantees measures of
prevention of radioactive pollution of the watery medium at levels which are much below the limiting per-
missible or yearly average permissible values. Theuniting of the fund of information cons1derab1y increases’
the value of the results thus obtained.

The advisability of collaboration is clearly demonstrated in the case of investigations into the dis-
tribution of radioactive traces in the waters and ground sediments of the river Danube. A survey of the )
earlier observations showed that in 1962-1963 considerable pollution of Danube with radioactive products
of nuclear explosions took place. - The present stage of observations is characterized, on one hand, by a
reduction in the global fall-out of radioactive matter and, on the other hand, by possibility of an effect
on water systems by waste and discarded matter of the developing atomic energy industry. Under these
conditions a series of analyses was carried out which showed that in 1971-1972 the total 8- ~activity of the
waters of the Danube only slightly deviated from the natural level. This confirms 'the absence of any
serious radioactive pollution, The content of ®*Sr in the lower layers of water of Danube does not exceed
1 pCi/liter. Thisindicatesthat from the entire catchment area of Danube during 1972 altogether only about
- 200 Ci of *Sr might be carried into the Black Sea. Side by side with this up to now no reduction of the
amount of ¥Sr in the Black Sea, produced as a result of the global radioactive fallout, has been noticed.
The "riddle™ of the Black Sea will be solved in the subsequent joint investigations.

The study of the radioactivity of the Baltic Sea is being carried out by specialists of German Demo-
cratic Republic, Poland, and the USSR. An investigation into the accumulation of radionuclides in fresh-
water and sea organisms in the vicinity of atomic instaliations of German Democratic Republic has com-
menced. A detailed program of a complete combined radiological study of the rivers of Poland and hydro-
bionts of the Baltic Sea has been worked.out. Soviet investigators have determined the content of *%Sr and
131Cs in the waters of the Baltic Sea, and have carried out a comparison with the data of Finnish investiga-
tors published earlier. The balance of radioactive traces in the Baltic Sea is caused by the global radio-
active fallout on its water area and by the flow of the same global pollution of the waters of rivers, Ad-
mittedly, for the further study of the radioactivity of the Baltic Sea and for prevention of its radioactive
pollution it is necessary to combine the efforts of all Baltic countries.

The plan of work of KNTS.1-3 is set up with such a timing that specialists of delegations would con-
stantly be informed about the course of investigations concerned with the basic directions of the collabora-
tion. In addition, in each session of KNTS 1-3 it is compulsory to discuss some important scientific—tech-
nical or technical —economical problem. '

A network of mutual scientific information, giving the dates of distribution of the summary and in-
formative documentation has been worked out, which enables timely acquaintance to be made with the re-
sults of investigations carried out on individual assignments by all included in the "Program of scientific
"—technical collaboration" on the problem 1-3. :

The first two years of collaboration of the participant countries of the Permanent Commission of
--SEV on the use of atomic energy for peaceful purposes can be characterized as a period of establishing
connections, improving programs and developing investigations in the above field. But even during this
short time the results of the investigations confirmed the fruitfulness of international collaboration. The
methods already worked out and the development of collective investigations with respect to a number of
tasks of the problem of rendering harmless of radioactive waste — so important for the defense against
pollution of the environment where man lives and works — can serve as examples.
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COLLABORATION DIARY

The regularly scheduled session of the Council of the International Economic Association for Nuclear
Instrumentation, known as Interatominstrument, was held in Szeged (Hungary), from August 28 through
September 1, 1973. The chairman was a member of the council, M. Bhabha, assistant general director of the
Gamma-combine, The participants in this session were greeted by the chairman of the State Atomic Energy
Committee of the Hungarian Peoples Republic G. Osztrowszki.

The Council discussed questions relating to scientific and technical activities, production and com-
mercial economic activities, of the Association, as well as proposals on how to expedite specialized and
cooperative modes of production of nuclear products, and organization of advertising, publicity, and in-
formation sharing. The Council heard a report by the Association's director on the activities undertaken
by Interatominstrument. Resolutions were adopted on all of the topics discussed.

In line with the constitution adopted by the Ass‘ociation, a factory manufacturing electronic mea-
suring instruments (in Budapest) and the Metrimpex foreign trade enterprise (also located in Budapest)

" ‘became incorporated into the association, Consequently, at the present time Interatominstrument groups

together 13 enterprises and foreign trade organizations, Participating in this session of the Council were
representatives of the COMECON Secretariat section on peaceful uses of atomic energy. The Council drew
up a tentative agenda for the following session to be held in Warsaw in December, 1973. The Council ses-
sion took place in a businesslike atmosphere, in a spirit of complete mutual understanding.

’

* * *

The fifth session of the KNTS [Coordmahng Scientific— Techmca]. Counc;.l] on radioactive wastes and .
deactivation was held in Moscow, October 9-12, 1973.

Engineering requirements in the planning of nuclear power generating stations were discussed from
the vantage point of wastes deactivation; basic statements on deactivation of the reactor loop in situ, on
deactivation of individual loop equipment modules and contaminated surfaces of work rooms, were for-
mulated. These requirements have to be taken into account in order to ensure radiation safety in the opera-
tion and maintenance of nuclear power stations. Cost estimates of methods and equipment for deactivating
contaminated equipment and contaminated power station rooms or contaminated research centers, worked
out by USSR and Czechoslovak delegations within the framework of the "Program of collaboration," were
also discussed. :

The specialists discussed procedures for analog computer simulation of the operating conditions of
underground storage facilities for liquid radioactive wastes, holdup conditions required for reducing the
toxicity of the wastes down to safe levels, and also refinements in the initial conditions and hydrodynamical
pattern of the storage terrain and surrounding areas. The materials on procedures are recommended for
use in the design of underground storage facilities for radioactive wastes and toxic wastes originating in
other branches of industry.

The Council set down the basic trends in scientific and engineering research in the field of deactiva-
tion of radioactive wastes for the 1976-1980 period, and adopted a work plan for the Council for the 1974-
1975 period; it also made refinements on the schedule of conferences to be held with specialists of
COME CON member-nations on immobilization of radioactive wastes in bitumen and cleanup of air dis-
charges to get rid of radicactive gases and aerosols. These conferences are scheduled for 1974. Topics
relating to the program of research on radioactive contamination of the Danube waters and tributaries also
came under discussion.

Translated from Atomnaya Energiya, Vol. 35, No. 6, p. 446, December, 1973.
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INFORMATION: CONFERENCES AND MEETINGS

THE SIXTH EUROPEAN CONFERENCE ON CONTROLLED
NUCLEAR FUSION AND PLASMA PHYSICS

’

V. A. Chuyanov

The Sixth European Conference on Controlled Nuclear Fusion and Plasma Physics was held in Moscow

from July 30to August 4. The Conference was attended by 553 representatives and 200 guests from 22 coun~

tries including the United States, Japan, and other non-European countries.

The first session of the Conference was. dedicated to the memory of Academician L'ev Andreevich
Artsimovich, the recognized leader of thermonuclear research in the USSR and entire world. To reminis-
cence about L., A, Artsimovich were dedicated the addresses of the Chairman of the Plasma Physics Sec-
tion of the European Physical Society P. Vandenplass, Academician Ya. B. Zel'dovich (USSR), the Director
of the Calem Laboratory (Great Britain), R. Pease, the Director of the Princeton Laboratory (USA) M.
Gotlieb, and one of the closest associates of L. A, Artsimovich, S. V. Mirnov.

The morning plenary sessions heard 16 review papers on various problems of plasma physics; the
evening sessions (three sections worked in parallel) were presented with 153 original reports

Nearly one third of all papers dealt with tokamak studies. Review papers on this subject were pre-
sented by Acadenuc1an B. B. Kadomtsev, H. Furth (USA), P. Rebioux and G. Laval (France).

After -notmg the successes in obtaining plasma with very high parameters in tokamaks (density ng
=17.101 cm—3, electron temperature Tg up to 3 keV, ion temperature Tj up to 600 eV, retention param-
eter n,7 up to 102 ¢m-3-sec), and in understanding certain processes taking place in tokamaks (neoclas-
sical ion lifetime, detection of a classical effect of impurity concentration along the discharge axis), B. B.
Kadomtsev discussed the principal problems of tokamak studies. The dominating mechanism of energy loss
is electron thermal conductivity which is 10 to 100 times higher than predicted by the neoclassical theory.
This value has been described by the pseudoclassical formula proposed by L. A. Artsimovich which only
very roughly agrees with experiment. The speaker stressed the need-of new ways of theoretical description
of electron thermal conductivity. For the simulation of the conditions of future reactors, of great importance
are experiments in which ions become collisionless (pass from the plateau region into the "banana™ mode),
However, attempts to obtain such modes in the T-4 machine of the I. V. Kurchatov Institute of Atomic
Energy wereunsuccessful asthe frequency of ion—ion collisions increases with discharge current because
of the great amount of impurities with high nuclear charges. Another obstacle in achieving high densities
is the so-called disruptive instability. As shown in experiments with the T-6 machine, this instability is
preceded by the development of helical modes. The nonlinear theory of B. B. Kadomtsev and O. P, Pogutse
about the formation of cavities in tokamak plasma establishes a relationship between the helical modes and
disruptive instability, and evidently gives the long-sought-for basis for undefstanding the occurring pro-
cesses, .

H. Furth discussed recent results obtamed in Princeton on the ATC machine and the prospects of -

'.usmg adiabatic compression and neutral injection. Application of adiabatic compression made it possible

to obtain in the relatively small ATC machine a plasma with parameters similar to those obtainable in much
larger T-4 and ST machines (ng ~ 10" cm=3, T, ~ 2.5 keV, Tj ~ 600 eV). Initial experiments with injec-
tion of relatively low-power neutral beams (30-45 kW with a particle energy 15 keV) has shown the absence

" of harmful effects and a small, but corresponding to calculations, effect of ion heating. The speaker pointed

out the advantages of combining adiabatic compression and neutral injection: facilitated penetration of the
neutral beam into plasma if injection takes place into low-density plasma before compression (otherwise,
reactor systems require beams of megavolt energies which are very difficult to produce), effective multi-
plication of beam power by adiabatic compression, separation of plasma from the walls, and easing of the

Translated from Atomnaya Energiya, Vol. 35, No: 6, pp. 447449, December, 1973.
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impurity and beam redischarging problems. Considering the feasibility of a "target" type of reactor (in-
jection of beam of fast deuterons into the tokamak tritium plasma with an electron temperature of ~10 keV),
the speaker noted that on this basis a zero-power reactor can be designed with dimensions foreseen for

the next generation of tokamaks (T-10, PLT). This principle seems to be most promising for demonstra-
ting the possibility of generation of useful energy by means of controlled fusion, in particular, when using
a blanket of fissionable material, '

First experiments with the biggest tokamak TFR (Fontenay-aux-Roses, France) have been described
by P. Rebioux. The TFR tokamak has the following parameters: large radius 98 cm, chamber radius 20
cm, magnetic field up to 60 kG, maximum plasma current up to 400 kA, discharge duration up to 0.5 sec.
So far experiments were made with fields up to 40 kG and currents up to 200 kA. Electron and ion tem-
peratures of the order of 2-3 keV and 600 eV, respectively, obtained at a density of 5 - 1013 cm™3 are in
good agreement with the results obtained before in other machines. Preliminary data indicate gradual ac-
cumulation of impurities in plasma and the occurrence of turbulence at the center of the filament where the
stability margin q < 1 which causes a drop in electron temperature and decreases the energy lifetime in
discharges after the 150th millisecond.

Tentative results were also reported from other new machines of the tokamak type. Neutral injection
experiments have been started in the Ormac machine (Oak Ridge, USA). The Cleo machine (Calem, Eng-

-land)., First experimental results have been obtained from the "seal-ring" tokamak of the Institute of

Atomic Energy. These results are however, only preliminary. More detailed and reliable data will be
probably available the next year, Two distinct trends can be noted: first the popularity of neutral injection
which is already in use or will be used in most new experiments. The available data correspond to low

(as compared with ohmic heating) injection powers and can be interpreted to indicate the absence of harm-
ful effects. The forthcoming experiments, especially with the Ormac machine, should demonstrate the:
effects of neutral injection at high powers. Secondly, the importance of impurities, particularly in case of
prolonged discharges and high plasma parameters (T-4, TFR, Ormac), stimulated interest in experiments
with diverters. This trend should be considered in planning the design of large next-generation machines,

In contrast to the high experimental and design activity in tokamaks, a relative calm has been ob-
served in other more traditional fields of thermonuclear research, Stellarator studies indicate classical or
nearly classical confinement, Obviously, reallynew and important results in this field can be expected only
after the completion of large installations which are being planned or constructed now, such as the Wendel-
schtein-VII machine (Garching, FRG).

No new results have been obtained during the last year with open traps.- Experiments at the Kurchatov
Institute of Atomic Energy and also at the Livermoore Laboratory (USA) indicated, in spite of the predic-~
tions of the simplified theory, the principal possibility of the existence of a stable collision plasma in a
mirror trap. Recent works of M. S. Ioffe and coliaborators (Institute of Atomic Energy) confirmed the roie
of cold plasma in suppressing conical instabilities in open traps noted before by R. Post (Livermoore,
USA). However, experiments on prolonged sustaining of collision plasma stability by means of neutral in-
jection, conducted at the Livermoore Laboratory with the 2X-II machine, gave no conclusive results. The
Conference has been informed about the injection of a 20-keV, 10-A beam of neutrals into a plasma pro-
duced in the 2X-II machine by adiabatic compression of a plasmoid. These experiments are now at the
same level as tokamak injection: no harmful effects have been observed but for positive results the injec-
tion power is too low. To maintain in a mirror trap a plasma with a density of the order 10'® cm™3 and an
ion temperature of 20 keV throughout the injection cycle, the injection power must be increased by one
order of magnitude, An injection of about 200 eq. A is now being readied. ‘

Experiments with toroidal pinches of different shapes for the production of plasmas with high 8 (the
ratio of plasma pressure to magnetic field pressure) are conducted at the Los Alamos Laboratory and at
several European laboratories. As a rule, these experiments show that sufficiently hot plasmas can be pro-
duced relatively easily, but that the observed lifetimes are very short and lie in the microsecond range.
Experiments conducted at Los Alamos and Garching (FRG) proved the feasibility of producing toroidal
zero-current equilibrium plasma configurations with high 8. The main problem is the instability of these
configurations with respect to the m = 1 mode. It has been shown that this mode can be stabilized by dy-
namic methods and feedbacks but the application of these methods on an engineering scale meets with
enormous difficulties., Thus, experiments are now being prepared with very little compression of heated
plasma which should reveal conductive-wall stabilization effects of the m =1 mode. The most promising of
current configurations is the belt pinch configuration which is in fact similar to the seal-ring tokamak.

1
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Belt pinch experiments (Garching) have shown a 8 of the order 0.5 with a temperature of 10 eV and plasma
formation lifetimes up to 100 psec. No strong instabilities were observed, the plasma lifetime being ap-
parently limited by classical diffusion, Two new experiments of this kind, TENQ at Ulich (FRG) and Belt
Pinch II at Garching, are now being prepared and will start operating in 1974. They are expected to pro-
vide temperatures of about 1 keV and a containment time up to 1 msec. '

Two new developments in thermonuclear research: electron beams and superpower lasers, have been
extensively discussed at the Conference, The use of lasers in thermonuclear fusion has been considered in
two papers presented by USA workers. L. Wood of the Livermoore Laboratory: described the results of

~ calculations on supercompression of matter as a consequence of spherical implosion. K. Brueckner talked
about laser fusion experiments conducted at the KMS Company and on a laser system providing a 840-J,

3 nsec pulse and capable with some pump lamp overloading to give 1400 J /pulse, The target is irradiated
on both sides. A system is now being designed for shaping the leading edge of the puise, Experiments with
this laser were also reported in which neutrons and hard y -quanta have been observed. T he observed neu-
tron yield (several hundred per 3 nsec at 100-200 J) is in good agreement with numerical calculations, Ac-
cording to these calculations the electron temperature should be of the order 2 keV and the ion temperature
about 500 eV. No compression experiments were made so far. : '

. Relativistic electron beams were reviewed by R. Sudan (Cornell University). The parameters of
electron beams now obtainable are qulte impressive: energies up to 15 MeV, currents in excess of 10° A,

pulse energies up to 3 MJ, powers 10 13 W, current densities up to 5 10% A/ cm?, and pulse lengths of 100
nsec. . .

In combination W1th high accelerator efficiency, these parameters make electron beams worthy rivals
. of superpower lasers in ‘supercompression applications, and indicate many other applications of electron
beams in controlled fusion: plasma generation and heating, generation of minimum-B fields in toroidal con-
figurations. The main problems in supercompression application of electron beams are associated with the
need of shortening the beam time to less than 10 nsec while retaining its energy and with focussing the
beam to current densities of 108-10° A/cm?. The use of electron beams in magnetic confinement schemes
are associated with problems of their injection and capture in toroidal ‘magnetic fields. Solutions to these
problems are sought now by many specialists. In particular, beam focussing is much helped by effects of
high-current beam pinching, by plasma injection into a diode, and by the possible use of external con-
verging fields. The very strong magnetic field of the beam allows the development of original methods of
injection into toroidal fields utilizing the short time interval when the beam field changes the overall field
topology and allows capture of the beam into the toroid. R. Sudan pointed out in conclusion that the time

is now ripe to consider the generation of high-current ion beams by modifying the technology already avail-
able: suppression of electron emission by a transverse magnetic field, production of 1on—em1tt1ng plasma
surfaces with the aid of lasers, etc. .

The Conference brought no great surprises. Decisive experiments are still in the futui'e

The next Seventh European Conference on Plasma Physics and Controued Fusion will take place in
Lausanne (Switzerland) in September, 1975.
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SEMINAR .ON WELDING IN THE ASSEMBLY OF ATOMIC
POWER PLANT EQUIPMENT

S. S. Yakobson

From May 31 to June 2, 1973 the Head Office of Thermal Electrical Plant Construction (HOTEPC) and
the Power Information Bureau (PIB) of the Ministry of Power and Electrification of the USSR-held at the
" 1. V. Kurchatov Beloyarsk Atomic Power Station a seminar on welding in atomic plant building. The semi-
nar was attended by representatives of institutes and organizations of the Power Ministry and the State
Atomic Energy Commission (SAEC) of the USSR.

V. A, Kazarov (HOTEPC) spoke about the share of atomic plants in the Ninth Five-Year Plan and the
tasks of bmldmg orgamzatwns

S. A, Belkin and V. V. Shefel' (Power Plant Constructmn Office, PPCO), V. P. Tavrovskii (Central
Power Plant Construction Bureau, CPPCB), and V, I, Grinenko (SAEC) discussed problems of automatic
welding in the assembly of atomic power plant equipment. Representatives of the PPCO reported on ad-
vances in technology and automation of pipeline welding operations in atomic plants, and presented data
based on practical experience and laboratory studies on the desired level of mechanization of welding oper-,
ations and on the type of automatic machines most needed in atomic plant construction. Representatives
of the CPPCB reported the design and application of automatic butt-welding machines for nonrotating
0Kh18N12T-steel pipes 560 X 32 mm in diameter used in the construction of the Novo-Voronezh Atomic
Power Station, ' '

G. M. Ginzburg (CPPCB) told about the application of manual methods (electrical argon arcs) for
welding austenitic steel pipes and stressed the measures for improving the seam metal continuity.

Interesting papers were presented by S, A, Gel'pern (North-West Power Plant Construction Bureau),
V. V. Tsygankov (East Power Plant Construction Bureau), and V. A, Pavlakov BEAC) on welding the
structure and pipe system of the Kol'sk, Bilibinsk, and Leningrad Atomic Power Stations. The speakers
described in detail the setting up, welding, and quality control operations, explained the organization of the
welding and quality inspection services, and pointed out the specific techniques employed in individual units
of the power stations, ‘

V. B. Bogoda (Power Building Design Bureau) described on-site quality control methods for inspect-
ing welded joints in atomic power plant assemblies, and discussed various nondestructive testing tech-
niques, ‘ : ‘

S. Sh, Roitenberg, representative of the South Power Plant Construction Bureaiu described experi-
ments on improving welding techniques as apphed to the assembly of the equipment of the Armenian and
Chernobyl'sk Atomic Power Stations. :

‘ The results of testing the performance of welded joints in several Soviet atomic power plants have

been described by F. A. Khromchenko (All-Union Heat Engineering Institute). He conducted a detailed
analysis of the defects in the metal and welded joints in the equipment of the Novo-Voronezh Atomic Power
Station. :

After an exchange.of views, the participants outlined specific measures intended to improve the
quality of assembly of atomic power plants and to facilitate welding and quality control operations, Basic.
improvements are afforded by maximum mechanization of welding, especially in difficult cases. For this
purpose, one of the factories of the Power Ministry of the USSR should organize the design and manufacture
of special-purpose welding machines and power sources; design and research work on this subject should

Translated from Atomnaya Energiya, Vol. 35, No. 6, p. 449, December, 1973.
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also be expanded. Together with improving quality control techniques for inspecting welded joints, the de-
velopment and introduction of new flaw detection techniques and instruments, which improve the reliability,
performance, and efficiency of quality control, it is necessary to formulate technically sound norms on .
testing and evaluation of the quality of welded joints in atomic power plant assembly. '
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ALL-UNION CONFERENCE ON NEUTRON PHYSICS

S. I. Sukhoruchkin

The Second All-Union Conference on Neutron Physics took place in Kiev from May 28 to June 1 with the .
participation of more than 150 Soviet Specialists and scientists from several socialist and capitalistic coun-
tries (France, Federal Republic of Germany, etc.). Twenty-six review papers and many original reports
were presented to the Conference at plenary meetings and six sections held in succession. The Conference
began with a discussion of the need of nuclear data for the design of fast (L. N. Usachev, Physics and
Power Institute) and controlled thermonuclear reactors (G. B. Yantkov, Institute of Atomic Energy). A.
comprehensive analysis of the effect of inaccurate nuclear data on the accuracy of such basic nuclear power
reactor parameters as critical mass and conversion ratio has been made possible by a series of works by
L. N. Usachev, S. M. Zaritskii, M. F. Troyanov, M. N. Nikolaev, and their collaborators. Of particular
‘importance in this field is the method of determining the optimum contribution of differential and integral
experiments into the derivation of estimated nuclear data and averaged reactor group constants described

" .by L. N. Usachev. An economical justification has been given for the need of a broad program of mea-

surements of the cross sections and constants of fissionable and structural materials, of estimating the
accuracy of these data, and, most important, of a careful analysis of all possible systematic error sources
which has not been always given due attention before. It is now generally accepted that to obtain reliable
valdes of nuclear constants it is desirable to compare the results of several independent measurements,

The estimation of data, including a full analysis of all experimental errors, is an important step in creating
a Soviet nuclear data library. V. A, Konshin, M. N. Nikolaev et al. presented examples of such data
estimation for %3*pu and 23U, A similar problem of nuclear data estimation in France has been discussed by
P, Ribeau (Saclay). As international exchange of estimated data is rather limited, most countries with im-
portant reactor design programs create their own libraries of estima}ted nuclear data. In a report devoted
mostly to a collection of lists of necessary nuclear data (WRENDA publication), J. Schmidt (Director of the
Nuclear Data Section of IAEA) discussed also the role of this international organization in the exchange of
numerical information. Unlike estimated data, which take into account the results of integral experiments
and the experience gained in the operation of prototype models, preliminary experimental data can be freely
circulated among nuclear data centers, and the IAEA serves as a mediator in passing these data to the
Soviet Union and back. In his concluding remarks J. Schmidt called on Soviet scientists to make greater
use of numerical information available at foreign neutron laboratories and suggested the arrangement of a
comparison of estimated data on plutonium and uranium.

Of considerable interest were reports dealing with theoretical questions. A review paper by V. M.
Strutinskii discussed a systematic approach to the calculation of parameters of the double-humped fission
potential of many nuclei. This made it possible to explain the parabolic functions in spontaneous fission
periods and fission asymmetry. A review by V. G. Solov'ev cited several examples of the microscopic ap-
proach to neutron spectroscopy developed at the Joint Institute of Nuclear Research, The paper discussed
splitting of simple single- and three-quasiparticle states into many highly excited levels and predicted
intensification of certain transitions such as transitions to two-phonon levels with emission of ¢ -particles
and transitions to three-quasiparticle states with emission of y-quanta, This microscopic approach is sup-
plementary (and a logical step forward) in relation to the statistical model. The approach allows a more
detailed analysis of the different properties of individual nuclear resonances, of partial-widths correla-

" tion, etc. The microscopic resonance structure has been also discussed in papers by P. Z. Nemirovskii
on input state statistics and by D. F. Zaretskii on the role of shell structure in neutron scattering. The
latter paper described how to use nuclear spectroscopic factors obtained from deuteron stripping and pick-
up reactions for improving the agreement between the predictions of the optical model and experimental
data on the strength function in nuclei close to tin. Former attempts to solve this problem.by various other

Translated from Atomnaya Energiya, Vol. 35, No, 6, pp. 450451, December, 1973.
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modifications of the optical model were largely unsuccessful. Application of the statistical model of the
nucleus (inciuding nucleon pairing) to the calculation of nuclear-level density and of simple and compound
processes in capture reactions (and charged-particle escape) were discussed in the review by A. V. Igna-
tyuk. Satisfactory agreement with experiment is observed within 50% accuracy limits, although neither
the statistical model nor the microscopic approach can claim better accuracy., Such theoretical estimates
are particularly important in cases when certain nuclear constants are difficult to measure experimentally
as, for example, in the case of fission fragments cross sections,

The review of the results obtained at Saclay (D, Paya, France) and Karlsruhe (. Ziriacks, FRG),
as well as the papers by Yu. P. Popov and F. Birchwarge (JINR) on the experimental study of decay prop-
erties of neutron resonances, were received with great interest at the section devoted to experimental
studies of the interaction of thermal and resonance neutrons with nuclei. D. Paya discussed data on reac-
tions involving the escape of ¢-particles, i.e., type (na) and (nyq) reactions. From an analysis of the
(ny @) reaction on 43Nd nuclei it has been possible to find the radiative transitions hindrance factor (with
respect to the Weisskopf single-particle estimate) between compound, highly excited states. This factor
has been found to be two-three orders of magnitude stronger than the hindrance for lower (i.e., relatively
simple) states, which agrees with contemporary theoretical considerations. F. Birchwarge discussed the
interpretation of v-spectra of resonance neutron capture obtained with the aid of large germanium detec-
tors. A group of JINR physicists devised a method of multidimensional measurements and processing of
experimental spectra, and carried out a series of studies of nuclei in the rare-earth range. The data of F.
Birchwarge made it possible to refine the data obtained earlier at the Institute of Atomic Energy, and the
measurements of resonance neutron capture provide now valuable material for testing the statistical model
and for finding systematic deviations from this model (i.e., partial-widths correlation, etc.). The review '
paper by G. V. Muradyan on the statistical properties of neutron resonances discussed the distribution of
neutron-level spacing and described a new method of estimating the probability of equidistance in neutron
resonance positions which is more substantiated than the one suggested by K, Ideno and M, Okubo, New
data on technetium obtained at the Institute of Atomic Energy indicate good agreement with deductions of
the statistical model. G. S. Samosvat (JINR) discovered an interesting effect of anomalous anisotropy in
the scattering of slow neutrons with nearly completely filled shells.

Much consideration has been given to the study of interaction between fast neutrons and nuclei and
of the process of fission, and the rich experimental material accumulated during the two years elapsed
_since the last conference has been presented in reviews by K. A. Petrzhaka, M. V.Blinov, Yu. A. Khokh-
lov, M. B. Fedorov, M. V.Savin, and V. Ya. Golovin. Significant refining of results has been achieved |
in several directions, For example, the effective femperature in the expression for the spontaneous-fis- _
sion neutron spectrum of californium has been studied in the Radium Institute and in the Physics and Power
Institute, and the observed results are in good agreement: T =1.42 + 0.05 and 1.39 + 0.03, respectively.
The fine structure in the neutron fission spectrum has been confirmed at the Scientific-Research Institute
of Atomic Reactors. For the first time, results- were obtained on the number of secondary neutrons for a
wide range of curium isotopes (allowing a comparison with data for plutonium isotopes and the detection -
of different dependence of the number of secondary neutrons on the atomic number Z). Considerable ex-
perimental material has been presented also in the papers by A, Michadon (Bruyeres-les-Chatel, France),
1. Sabot (Cadarache, France), A. Deruytter (Gale, Belgium), and J. Boldeman (Austria). J. Boldeman
obtained the exact number of secondary neutrons of spontaneous fission of californium (v = 3.744 + 0.014).
Preliminary measurements in the Radium Institute gave the value v = 3.770 = 0,045, Two reports (Institute
of Atomic Energy and Institute of Theoretical and Experimental Physics) discussed new data on the mea-
surement of the ¢-ratio constant of the capture and fission cross section of 239py. The present state of -
constant measurements will be reviewed in oné of the forthcoming issues of this Journal

A new time-of-flight spectrometer, based on the Y-240 isochronous cyclotron now being built at the
Institute of Nuclear Research of the Academy of Sciences of the Ukrainian SSR, has been described at the
section "Experimental methods of neutron physics"; the same section also heard a report. about the opera-
tion of the spectrometer based on the EG-5 accelerator of the same Institute. Yu. Ya. Stavisskii proposed
to use the planned "meson factory™ as a source of resonance and fast neutrons. V. L Lushchikov reviewed
the methods and results of producing sources of ultracold neutrons. Studies in this direction, which are
vigorously pursued in the USSR, produced several modifications of the methods of ultracold neutron sources
and can now be expected to be applied in experimental investigation of fundamental properties of neuttons
such as, for example, the dipole moment and lifetime. -
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. The results of the Conference were summarized in the concluding statements by V. I. Mostovoi and
J. Schmidt; the Chairman of the Organizing Committee, M. V. Pasechnik, ¢communicated that Neutron
Conferences will be held in Kiev approximately every second year. The proceedings of the Conference will
be published in 1974. : S
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THE THIRTEENTH CONFERENCE ON NUCLEAR
SPECTROSCOPY AND THEORY OF THE NUCLEUS

K. Ya, Gromov and N, A, Golovkov

In accordance with the schedule of scientific meetings organized by the Joint Institute of Nuclear
Research (JINR), the Thirteenth Conference on Nuclear Spectroscopy and Theory. of the Nucleus was held
-in Dubna on June 19-23. The Conference was attended by 90 scientists from Soviet scientific institutions,
28 scientists from JINR member-countries, and approximately 150 members of the JINR staff,

As the preceding conferences, the Thirteenth Conference was devoted to experimental and theoretical
studies of the structure of atomic nuclei and to the enhancement of international cooperation in the JINR,
A secondary topic of discussion was computer processing of spectrometric data.

A collection containing detailed summaries of 97 of the presented papers has been published at the
time the proceedings of the Conference began,

The program of the Conference consisted of review papers on subjects common to the presented pa-
pers, Several of the reports were presented by speakers especially invited by the Organization Committee.

Theoretical papers dealt primarily with the description of the structure of so-called transitional -
nuclei, i.e., nuclei occupying an intermediate place between spherical nuclei and nuclei with a stable de-
formation, and to different approache's to the theory of orbital motion of atomic nuclei,

The principal difficulties arising in the description of transitional nuclei are associated with con-
spicuous deviations of the observed properties of their states from those predicted by the shell and col-
lective models of the nucleus. Experimental data indicate the instability of the average field of transitional
nuclei and astrong anharmonicity of their states, This has been emphasized in the reports of R. Jolos and
V. V. Pashkevich (JINR). An important role in transitional nuclei play also interactions of quasiparticles
with collective excitations as demonstrated in papers of Ch. Stoyanov and V. Paar (JINR).

The developmient of a microscopic theory of orbital motion is one of the most important problems of
the atomic nucleus. This problem has been considered at the Conference by V., G. Zelevinskii who to-
gether with S, T. Belyaev (Siberian State University) developed a sequential method of isolation of rota-
tional states which strictly obeys all conservation rules. Orbital motion in atomic nuclei is now of con-
siderable interest in connection with studies with beams of o -particles and heavy ions which make it pos-
sible to excite nuclear states with spins up to I = 20. These studies revealed a number of anomalies in
rotational bands of even—even and odd nuclei. Theoretical questions associated with these anomalies have
been discussed by I. M. Pavlichenko (Institute of Atomic Energy), L. Munchow (GDR), N, I. Pyatov and
I. Piperowa (JINR). : -

'Even though studies of w-decay of atomic nuclei are decades old, we still do not have a satisfactory
~ quantitative theory of this effect. Some qualitative progress in o¢-decay theory has been reported by V. L
Furman (JINR) and S. G. Kadmenskii (Voronezh State University).

Certain advances have been recently made in experimental studies of the structure of transitional
nuclei and nuclei remote from the stability band. The studies are carried out onthe JINR synchrocyclotron
(YaSNAPP program) and the heavy-ion accelerator. The extensive expemmental information presented by
V. G, Kalinnikov and K. H. Kauna (JINR), I. Mahunki (Hungary), U, Hagemann (GDR), H. G. Ortlepp
(JINR), and others stresses the need for the development of advanced models describing the structure of
low-lying excitations-in transitional nuclei.

Translated from Atomnaya Energiya, Vol. 35, No, 6, pp. 451-452, December, 1973.
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New information about properties of rotational states of deformed nuclei has been presented by H.
Sodan (GDR). Itis 1nterest1ng to note that a considerable portion of the new data has been obtained with
the new Soviet-made EG-10 electrostatic tandem accelerator which has been put into operation last fau at -
the Central Institute of Nuclear Research of the GDR (Dresden).

It has been recently possi.ble to use a new approach to the study of the properties of high-lying (3-8
MeV) nuclear states where the state density is high. Experimental means have been made available for
studying the microstructure of these states, Yu. P. Popov (JINR) analyzed specific possibilities of ob-
taining nuclear spectroscopic data from reactions with resonance neutrons, V. A, Karnaukhov and Yu. P.
Gangrskii (JINR) discussed problems associated with spectroscopic information provided by new phenomena
discovered at the JINR: delayed-proton emission and spontaneously fissionable isomers.

Several papers were heard on organizing the acquisition and processing of spectrometric information,
.. Of special interest were the papers of V. M. Tsupko-Sitnikov (JINR) and I. A, Kondurov (Leningrad Insti-

tute of Nuclear Physics, Academy of Sciences of the USSR), and others. Programs for computer process-
. ing. of spectrometric information have been described in several papers. ’

There is no doubt that the Thirteenth Conference on Nuclear Spectroscopy and Theory of the Nucleus
has been very fruitful for the exchange of the latests results of experimental and theoretical studies of the
- 8tructure of atomic nuclei and for strengthening the cooperation of atomic physicists of Socialist Countries.
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SYMPOSIUM ON NUCLEAR PHYSICS EMPLOYING
THERMAL AND RESONANCE NEUTRONS

A, D. Gul'ko

The trilateral Soviet—Belgian—Dutch Symposium on Nuclear Physics Employing Thermal and Reso-
nance Neutrons, organized jointly by the State Commission of Atomic Energy Institutes of the USSR, the
Center of Nuclear Energy (CEN, Belgium), and the Netherlands Reactor Center (RCN, the Netherlands),
took place in Petten (Netherlands) on May 22-25, 1973. The Symposium heard nearly 25 reports which,
according to their topics, can be grouped as follows: y-quanta spectroscopy after capture of thermal neu-
trons (nonpolarized and polarized), reactions with resonance neutrons (nonpolarized and polarized neu-
trons and nuclei), neutron-induced fission, experiments with polarized nuclei produced by capture of polar-
ized neutrons, methodical developments (neutron and huclei polarization).

Most papers dealing with V'y -quanta spectroscopy were presented by the Dutch group (K. Abrahams,
J. Kopecky, F. Stecher-Rasmussion, A, Spits, and A. Opp den Kamp) who conducted experiments in Petten
using the high-flux HRF reactor (flux at the center 3-10' neutrons/cm?-sec, polarized neutron beam
intensity 3-107 neutrons/cm? - sec, polarization 90 + 5%). y-Quanta were recorded with-40-60 cm3 Ge (Li)
detectors and 12 x 12 cm Nal crystals. ' '

Nearly half of the presented papers, especially those by Soviet and Belgian workers, dealt with in-
vestigation of neutron resonance parameters.

'A. B. Popov (USSR, -JINR) described measurements of neutron resonance spins of H1,13¢q, U,1495,
157Gd, and 181:183Dy isotopes based on the multiplicity of y-quanta emitted in neutron capture. The neutron
energy range covered 150400 eV. A trial was made to evaluate the spin effect by model calculations and
the results were compared with experiment, The obtained data made it possible to analyze spin effects in
terms of level densities D and strength functions S, The following results were obtained: for 14iSm, Dy=4
=15.0 £ 1.5eV, Dy, =12.8 = 1.2 eV, 8J 3 = @.4 = 1.6)- 1074, 8% _, = (4.2 + 1.5)-10~%: for 1498m: Dy -4
=5.240.56V, Dy, =4.1+0.3¢eV, 8§ _;=(6.3=%21)-10%, 8%_, = (7.7 2.2)-107%; for 1°7Gd: Dy -4
=131+ 1.5V, Dy=y =9.5 = 0.9 eV, 8§ _; = @.1 = 0.7)-107%, 8% _, = 2.3 + 0.6)-10-%, The results indi-
cate that there is no marked dependence of the strength function of the resonance spin.

E. 1. Sharapov (USSR, JINR) reported on the calculation of neutron resonance parameters (E,, gT'p,
D) of ¥:1%31r jsotopes on the basis of radiative neutron capture measurements (upper energy limit 200-400
eV). '

'H. Keilemann (Belgium) analyzed neutron resonances of 43Nd in the 55-2000 eV range and gave the
figures for 2gT", and ', and S% = (3.42 + 0.7) 1074, A comparison of these results with the data obtained
at the JINR and in Saclay shows good agreement. The results of an analysis of y-spectra of two 17THf reso-
nances with different spins were described by K. Koczewa (Belgium).

E. Reddinguis (the Netherlands) and E. I..Sharapov used polarized neutrons and nuclei to determine
the resonance level parameters. A joint American—Dutch group experimentally determined the neutron
resonance spins of 23U in the Brookhaven reactor by passing polarized neutrons (reflected from a Co—Fe
crystal) through a target containing polarized 2%y nuclei (adiabatic demagnetization method, T = 0.05°K;
H ~ 28 kOe, 5.59 polarization of 23U), The spins of 15 23U resonances have been for the first time deter-

mined with some reliability: ' o

Translated from Atomnaya Energiya, Vol. 35, No. 6, pp. 452-454, December, 1973.
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Energy, . Spin Energy, Spin
eV eV: )

0.275 3 7.08 4

1.14 4 8.79 4(+30% 3)
2.04 3 9.28 4

3.15 3 10.16 4

3.61 4 11.67 4

4.85 4 - 42.39 3

6.15 3 14.0 3

6.39 T4

Magnetic moments of neutron resonances have been measured by the method proposed by F. L.
Shapiro (USSR, JINR) which is based on the observation of resonance shifts caused by hyperfire interac-
tions. Unlike in the Brookhaven experiment on 0.460 and 0.584 eV resonances of 1'Er, where polarized
neutrons were passed. through a nonpolarized target, the Dubna group passed nonpolarized neutrons through
a polarized 167y target (for the same resonances). A temperature of 0.02°K and an internal field of 7.1
-10¢ Oe ensured a 97%-polarization of 7Er nuclei. The following resonance energy shifts have been ob-
tained: AE (0.460) = 27 = 7) +10~% €V and AE(0.584) = @4 + 16) -10-% eV, whence the magnetic moments of
these resonances were calculated as: u (0.460) = (0.9 + 0.4)uN and p (0.584) = (1.8 = 0.9)uN:. These figures
are markedly different from the results of the Brookhaven experiment., :

4 Measurements of capture and scattering cross sections and total cross sections of 238y (up to 2 keV)
and 22py (up to 1 keV) nuclei were described in two papers of the Belgian group (J. Theobald, L. Mewis-
sen, et al.).- The experiments were carried out with the linear electron accelerator of the Belgian Center
(Euratom). Of special methodical interest is the high-pressure (nearly 250 atm) *He neutron scintillation
detector having high efficiency and excellent time properties. Neutron widths T', and radiative widths 1_“,Y
have been found for 99 and 56 resonances, respectively, of 23U, Average f‘y =22.3 + 0.5 (stat.) = 1.0 (Syst.)
meV, -average level spacing below 1 kev D = (17.28 + 0-4) eV, average reduced width T}, = (2.06 * )
meV, strength function S® = (1.05 + §-{§) - 10~4, For 25 resonances of 22Pu, the figures are 'fy =21.9 + 0.4
(stat.) = 1 (syst.) meV; for 71 resonances: Ty = 1.52 meV, S = (0.89 + 0.1) -1074, :

Using the values of I'y and T',,” and the resonance fission integrals of 242Pu adopted from other works,
the authors obtained the fission widths as functions of energy from which the height of the second fission
barrier Eg = 5.18 MeV has been calculated (the height of the first fission barrier Ep = 5.8 MeV, barrier
widths fiwg = 0.5 MeV and iwp = 0.6 MeV). '

In a paper on theoretical description of neutron resonance, H. Weigmann (the Netherlands) tried to
describe the available experimental data on total radiative widths by means of a semiempirical expression
with four parameters. In addition to the usual term associated with the statistical model, the expression
contains a term taking into account the effect of external nucleons. In the mass range 40 = A < 247 the ob-
tained values of radiative widths do not differ on the average by more than 25% from the known experi-
mental values. :

Four Belgian and one Soviet papers dealt with fission physics. P. van Ass reported on the study of
differences in mass distribution of fission fragments resulting from fission by thermal and resonance
(0.297 eV) %3%pu neutrons. ‘The fission fragments (mass numbers 87, 88, 97, 105, 107, 111, 115, 127, 128,
129, 140, and 149) were identified by y-emission and half-lives. The authors observed a reduction of reso-
nance fission yield not only in the mass range of nearly symmetrical fission but also for strongly asym-
metrical fission. '

H. Wegener-Penning described an experimental comparison of the distribution of total kinetic energy
and fragment masses, as well as of the mass distributions for different total kinetic energies (in steps of
5 MeV in 152-207 MeV range) for the same 24%Pu nucleus in ground state (spontaneous fission) and in an
excited state ¢39Pu + thermal neutron). The total kinetic energy for 23°Pu + n¢ and *°Pu is 177.95 + 0.04
and 176.85 + 0.14 MeV, respectively. The difference is 1.1 MeV and disagrees with the former value (-3.7
MeV) both in value and sign, The resuit indicates that the excitation energy of a nucleus undergoing fission
is strongly scattered over degrees of freedom not related to fission, J. Theobald and C. Wagemans de-
scribed attempts to find a spin dependence of fission characteristics. J. Theobald reported preliminary re-
sults of measurements of the number of neutrons for various 233U and 3Py resonances (up to 40 eV). No
clear difference has been observed in resonances with two different spins. Of special interest was the
method of comparing binary and ternary coincidences in a neutron detector in measuring the number of fis-
sion neutrons., The ratio of ternary to binary fission events for 23°Pu was measured in the neutron energy
interval from 0.02 to 50 eV (C. Wagemans). Only one resonance (15.5 eV) has been observed to have a
markedly higher (by 10%) value of this ratio. The authors attribute J7 = 07 to this resonance and J7 =1%
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to atl other resonances, G. A. Otroshchenko (USSR, Institute of Atomic Energy) described measurements
of the yield of a fissionable isomer in the reaction 23U + 1-MeV neutron.

Experiments with polarized nuclei produced by polarized-neutron capture have been reported in two
Soviet papers (Institute of Theoretical and Experimental Physics). P. A. Krupchinskii described experi-
ments carried out at the Institute for detecting nonconservation of spatial parity and violation of time-re-
flection symmetry in nuciear interactions using polarized neutrons. The search for P-noninvariant effects
in 13cd(n, v)14Cd reactions led to a discovery of weak nucleon—nucleon interaction predicted by theory.
The 0-m-escape asymmetry of 9.04-MeV y-quanta was measured. Three experiments gave the following
values for the asymmetry parameter: — (3.7 £ 0.9) - 104, —(3.5 + 1.2) 107, and — 2.5 + 0.9)-107%. The
weighted mean is — (3.3 £ 0.6) - 10™ givihg for the ratio of the parity-noncorserving potential to the parity-
conserving potential the figure 2-10~7 (theoretical estimates are 107%). Time-reflection symmetry in nu-
“clear electromagnetic transitions has been studied in %¥Cl(n, v)%Cl reactions by analyzing correlations of
the form o p[y4y,], where ¢y is the neutron spin and yy and , are the momentums of two consecutive y
transitions with energies 7.79 and 0.79 MeV, the first one being a mixed transition. The asymmetry param-
eter has been found to be —(0.9 + 1.1)-10~4 giving for the phase difference of reduced matrix elements in
the mixed electromagnetic transition at 7.79 MeV of 3¢C| the figure An = (1.8 + 2.2)-107% (in case of T
invariance An = 0) which determmes the upper bourd for the T-noninvariant fraction of the potent1a1 (=2

<1079,

A, D. Gul'ko described the use of polarized thermal neutrons in generating polarized ﬁ—active nuclei
and the study of their nuclear magnetic resonance (NMR). He proposed a method for measuring the shape
~function of NMR lines of short-lived, polarized S-active nuclei from which the g factor and the internal-
field distribution can be found, The line shape was measured from the disruption of angular anisotropy of
B -emission from the nucieus by means of a radiofrequency field. A specific feature of the method is the
- possibility of measuring the NMR line shape at a great distance from the resonance center. Experimental
.data and theoretical calculations have been presented for g-active 8Li (Ty /5 = 0.85 sec) nuclei in LiF sam-
ples (single crystals of three orientations and a polycrystalline aggregate), The second moments have been
obtained, showing that internal local fields in 8Li nuclei have a Gaussian distribution with a deviation to-
wards Lorentzian shape at the wings,

Methodical questions were discussed by F. Stecher-Rasmussion (the Netherlands) who reported on
the design of a new thermal-neutron polarizer for the HRF reactor in Petten, The system is to consist
of four sections: a focussing precollimator of 85 graphite mirrors, a focussing collimator of 85 nickel
mirrors (100 cm long), a polarizing system of 85 magnetized mirrors 100 cm long (50% each of Co and Fe),
and afocussing collimator for absorption of nonpolarized neutrons that passed through the system. The
mirrors are approximately 1 mm thick., The system is located in a thermal column allowing large solid-
angle neutron collection. The new polarizer will be capable of producing a polarized neutron flux of up to
5.10% neutron/cm?- sec or 18 times as much as existing polarizers (3107 neutron/cm?-sec). The height
of the beam will allow two experiments to be carried out simultaneously.

In conclusion one should mention the excellent organization of the Symposium by the Dutch group.
Copies of the forthcoming reports were available every single day of the Symposium. The timing of the
meetings was such that there was ample time for general discussions and personal contacts. The Reactor
Center of the Netherlands plans to publish a collection of all materials presented at the Symposium,
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MEETING OF THE SCIENTIFIC COMMISSION OF
CERN AND INSTITUTE OF HIGH-ENERGY PHYSICS

A, V. Zhakovskii

The Ninth Meeting of the Scientific Commission, acting in accordance with the agreement on scientific
cooperation between CERN and the State Atomic Energy Commission (SAEC) of the USSR, took place at the
Institute of High Energy Physics (IHEP) (Serpukhov) on ‘May 15-17. Y. Goldschmidt-Clermont, B, Kuiper,
B. Langeset, W, Lock, and others represented the CERN while the IHEP was represented by R. M. Sulyaev,
Yu. D. Prokoshkin, A, A, Naumov, V. I. Kotov, K. P. Myznikov, and others,

The Commission discussed problem of cooperation associated with the operation of the accelerator,
fast beam extraction and transportation systems, high-frequency separation, and also the progress of prep-

- arations for joint expéeriments,

Seven runs of accelerator operation have been carried out in 1972 totalling 4570 operating hours,
Maximum intensity was 2.5- 1012 proton/pulse, the average intensity for the year being 1.2 - 10 protons
/pulse. The intensity has been increased by increasing the duration of the linear accelerator pulse and
by using two- and three-revolution injection in the ring accelerator,

in six accelerator runs, Nearly 940,000 inclusions have been carried out during this period. The system
operated stably and reliably, the time lost as a result of failure was less than one half of planned time,
The Commission noted the high quality of equipment delivered by CERN and the fast mastering of this
equipment by the staff of the IHEP,

The beam transportation system was put into operation, after the summer shutdown, in five ac-
celerator runs, The total number of inclusions during this time was 900,000. Standstill due to failure did -
not exceed 0.5% of planned time. . '

The first operating run of the Mirabel chamber in separated particle beams proved that the back-
ground situation of the chamber needs significant improvement, particularly in operation with positive
particle beams. The addition of a shield made it possible to use the Mirabel chamber in experiments with
various particles including K~'and r-mesons; foreign impurities did not exceed 2%. Standstill of the Mirabel
.chamber as a result of the separator system failure during four runs did not exceed 29,.

The Commission noted with satisfaction that the second joint experiment provided important scien-

tific information, The Commission congratulated al] participants of the experiments on the excellent work
and on satisfactory conclusion of the experiment, ' :

The third joint CERN—Institute of Theoretical Experimental Physics experiment on heutron-—proton
charge exchange (tentatively called "Neutron") has been completed in June, 1973. Preliminary data have
been obtained in runs carried out in December, 1972 and February, 1973. Nearly 3-10° events, including
40,000 elastic scattering events, have been recorded on magnetic tape, Final processing of the experi-

- mental results will be made at CERN,

The -Commission expressed its satisfaction with the state of the fourth joint experiment whose purpose
is the study of interaction of 7~~mesons with protons with the generation of neutral particles only (NICE
experiment), The results obtained in the first and second runs in 1973 indicate that the principal units of
the setup (y -detector, electronics, the safety system, and proportional chambers) operate satisfactorily.

Translated from Atomnaya Energiya, Vol. 35, No. 6, pp. 454-455, December, 1973.

© 1974 Consultants Bureau, o division-of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011.
No' part of this publication may pe reproduced, stored in a retrieval System, or transmitted, in any form or by any means,
_electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A
copy of this article is available from the publisher for $15.00.

1170

Declassified and Approved For Release 2013/01/22 : CIA-RDP10-02196R000400020006-3




Declassified and Apprdved For Release 2013/01/22 : CIA-RDP10-02196R000400020006-3

The assembly of a total-volume vy -detector is now being completed for operation in 1973, -

The Commission heard a report of L. Mosk on the stdte of works with the Mirabel chamber and on
the latest results obtained in the course of preliminary experiments with separated particle beams. So far
100,000 photographs have been obtained in 7*, K* and proton beams.

In conclusion the Commission discussed certain organizational problems.
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NEW EQUIPMENT
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A. V. Lysov, O. B leozfov,
and O. B. Ovchinnikov . ‘ !

Expanding research in radiochemistry and radiobiology, and widespread application of ionizing radia-
tions in many branches of the economy, have created a need for appropriate radiation sources. As com-
pared with other radiation sources, diréct-acting accelerators have in many cases the following advan-

- tages: large dose rates, accurate control over a wide range of rad1at1on intensity and energy, . and negligible
radiation hazard once the unit is switched off. : : '

The Soviet industry manufactures accelerators of the Elektron type. operatmg at an energy of 700
keV with a beam power of 7 kW, and type RTD accelerators operating at 1 MeV and 3 kW, respectively. '
However, industrial radiation processes require electron irradiators of still higher power

The KGE-2.5 direct-acting accelerator deS1gned and built at the D. V. Efremov Smentmc-Research
Institute of Experimental Atom Physics has a beam power of 25 kW and has been in operation for many
years (Fig. 1). The principal désign parameters of the accelerator are: maximum electron energy 2.5
~MeV, energy control lmuts 0. 5 2.5 MeV, energy stability better than 1%, maximum electron beam current
10 mA, .. . .

’ Fig. 1. External view of KGE-2 5 : o . Fig. 2. Scanne,
. - accelerator, ‘ ’

»

- . A . . - .

e e ot e, et

1 . *

“Translated from Atomnaya Energiya, Vol. 35, No. 6, pp. 455-456, December, 1973.
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‘The. high-voltage source is a 12—sfage rectifier using a symmetrical multiplier circuits [1]. The
rectifier consists of three capacitor columns (two discharge and one filter .column) composed of type IM-
250-0.008 capacitors (250 KV, 0.008 uF) and VS-250-IV selenium rectifiers (250 kv, 12 mA).

The power supply has compensating inductance coils which reduce currents due to parasitic capaci-
tances [2]. ' o

The high-voltage source, the accelator tube, and electron gun with its p()wef supply are mounted in
a steel: tank filled with a 25% CO, + 75% N, gas mixture at a pressure of 13 atm diff. Heat release in the
vessel during operation is removed by a special cooling system., '

The electron beam shaping, acceleration, and extraction system consists of an electron source
(electron gun with a BaNi cathode), an accelerating tube, electron guide, a beam scanning and extraction
setup, and a vacuum system with a VA-2-IR mercury pump. The electron beam is scanned at 50 Hz and
is extracted to the atmosphere through a window in the scanner (Fig. 2). The window (40 x 950 mm) is
covered with either 100 p aluminum foil or 50-~80 u titanium foil. '

The accelerator operation is remotely controlled and monitored (at a centiral control desk). The
stabilization and control system allows the high voltage to be smoothly varied from 0.5 to 2.5 MV with a
stability better than 0.25%. ' )

Electron beam defocusing caused by the electromagnétié fields of the compensating inductances is

reduced by proper selection of the coil winding directions. Selection of the entrance lens parameters
(governing the.conditions under which the beam enters the accelerating tube) ensure reliable accelerator

operation in the 0.5-2.5 MeV range with an extracted electron beam of about 10 mA. The scanning and ex- _

traction system keeps current density variations to less than 8% over the entire length of the exit window.

Current density variations are calculated from the expression-

I—1I
an =2 100%,
av -

where I is the current density at point k. ¢

The maximum current density variation of the electron beam is given by

I—1
Afmay = Iavav -100%,

where

I +Imi
Tay= male- min_

Figure 3 shows the dependence of Al ax onthedistance to the exit window for different energies, The

accelerator is in operation since 1969. Most of the time the accelerator operates in the 1,0 to 2.2 MeV
interval with an extracted beam of 8 mA, )
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Operating experience indicates that the accelerator is reliable and can be used in various branches
of the economy. .
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